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 In this project, differences in the reflectance infrared spectra of chert from 
ten different localities are investigated using reflectance infrared 
microspectroscopy (RIRMS). Several other techniques including X-ray diffraction, 
petrographic analysis, energy dispersive X-ray analysis, and transmission 
infrared spectroscopy, were used to assist in the identification of trace minerals 
existing in each chert. Spectral manipulation (including subtraction and 
differentiation) appears to allow the identification of trace minerals in the chert 
reflectance infrared spectra. Two statistical analyses (correlation and a ratio 
analysis) were used to evaluate whether RIRMS could discriminate between 
visually similar chert types and to determine the extent of intrasample variation. 
Results of spectral manipulation and the statistical analyses indicate that RIRMS 
deserves further investigation into its applicability as a chert sourcing technique. 
Reflectance infrared microspectroscopy is an attractive potential sourcing 
technique because of its cost efficiency, reproducibility, ability to analyze for 
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 Chert is a chemical sedimentary rock primarily composed of quartz, which 
is silicon dioxide (or silica) with small variations in the trace mineral constituents. 
Many scholars have devoted research to studying these trace chemical 
variations (Cackler et al., 1999; Emerson and Hughes, 2000; Evans et al., 2007; 
Fassbinder, 2002; Glascock and Neff, 2003; Hatch and Miller, 1985; Hess, 1996; 
Hoard et al., 1992; Hubbard et al., 2004; Long et al., 2001; Luedtke, 1978; Lyons 
et al., 2003; McElrath and Emerson, 2000; Nance, 2000; Navazo et al., 2008; 
Pretola, 2001; Spielbauer, 1984). Prehistorically (and even today), groups have 
chipped and shaped pieces of chert into stone tools for many purposes. Its 
significance in prehistory is one important reason for the large amount of 
literature dedicated to chert.   
Chert provenance study is the determination of the specific geological 
bedrock sources of chert archaeological materials and alluvial chert. 
Archaeologists are especially interested in chert sourcing. A more thorough 
knowledge of where prehistoric peoples obtained raw chert materials enables a 
greater understanding of the trade patterns, migration routes, and other 
interactions among different groups of prehistoric peoples. Many methods, such 
as visual interpretation, ultraviolet inspection, cathodoluminescence, X-ray 
fluorescence, electron spin resonance spectroscopy, instrumental neutron 
activation analysis, laser ablation inductively coupled mass spectrometry, X-ray 
diffraction analysis, and transmission infrared (IR) spectroscopy have previously 




inconsistent results, are costly, or require destruction of the sample to some 
degree. When a technique is to be applied as an archaeological sourcing 
method, destruction of the sample is unacceptable for many materials from public 
and private collections. A reliable, cost efficient and most importantly, 
nondestructive technique is needed to source priceless artifacts. The current 
study investigated reflectance infrared microspectroscopy (RIRMS), a 
nondestructive geochemical technique, in terms of its utility as a possible method 
for sourcing chert.   
This project has determined chemical, mineralogical and associated mid-
infrared spectral differences, among ten archaeologically important types of 
chert. X-ray diffraction, petrographic analysis, transmission infrared 
spectroscopy, and energy dispersive X-ray analysis were used to assist in the 
characterization of these chert types. As part of this project, a database of chert 
and trace mineral reflectance IR spectra for reference in future provenance 
studies was developed and is now housed in the University of Memphis‟s 
Department of Earth Sciences. Detailed investigations of intrasource 
heterogeneity of chert, effects of weathering or heat treatment were not included 
as part of this project. This study only sought to investigate the chemical 
information that could be obtained from RIRMS of chert and to determine 
whether or not further research is warranted. As will be demonstrated by this 
thesis, reflectance infrared microspectroscopy does merit further study; therefore, 
the three important problems mentioned above will need to be addressed in the 




Once the chemical differences were identified, the samples were analyzed 
using RIRMS. The knowledge concerning the chemical impurities and variations 
of each chert obtained from the other analytical methods (XRD, thin section 
analysis, energy dispersive X-ray analysis, and transmission IR spectroscopy) 
were used to identify any of those same chemical impurities and variations in the 
reflectance IR spectra of each chert. Ultimately, the differences and variations 
between the reflectance IR spectra of each chert type were distinguished by 
performing spectral manipulations in GRAMS (a commercial software package 
for spectroscopy). This spectral information was used to determine the unique 
profile for each chert type. Thus, as these ten chert types have distinctive 
spectral characteristics that can be seen in their reflectance IR spectra, 
reflectance infrared microspectroscopy can be a viable solution for sourcing 







This project has identified variations in the reflectance IR spectra of raw 
chert samples from several different localities. It should be noted that in this 
paper, Luedtke‟s (1978, 1979, 1992) definition of chert is used. Chert, then, 
refers to all crypto- to microcrystalline quartz materials. A parallel can be drawn 
using geometry. In geometry, a square is considered a rectangle, but a rectangle 
is not considered a square. For the purposes of this paper, chert is the rectangle, 
and chalcedony, jasper, agate, etc. are all squares and are not discussed 
individually.     
Despite its archaeological significance, not much is known geologically 
about the mysterious formation of chert. The biggest complication in 
understanding chert is that all aspects of its formation are interrelated. The 
factors that influence precipitation (temperature, pressure, pH, surface area, 
presence of organic matter) can be discussed by themselves, but usually, a 
change in one of them corresponds to a change in another aspect as well. Also, 
factors affecting the nature and concentration of trace minerals are interrelated. 
Finally, though most aspects of chert are treated as having definite boundaries, 
in reality, no such boundaries exist. Chert and its many variations comprise a 
continuum, which further complicates scientists‟ understanding of chert. In this 
chapter, a brief investigation of the geology, including formation and chemistry, of 






Chert comes in almost all colors, due to trace chemical impurities. The 
physical properties of chert include translucency (though it is not readily apparent 
in large, thick samples), a hardness of 7 (the same as quartz) on the Mohs‟ 
Hardness Scale, conchoidal fracture, and a crypto- to microcrystalline texture. 
Chert crystals generally have a diameter between 5-20 μm (Blatt, 1982), but no 
less than that. The reason for the lower limit is that as grain size decreases, 
solubility increases exponentially (Blatt et al. 1972; Luedtke, 1992), so grains 
cannot precipitate out of solution with a diameter less than 0.2 μm. Chert 
outcrops as round nodules, irregularly shaped nodules, lenses, or thick beds.   
Chert Geochemistry 
Chert is composed of silica (two oxygen atoms per one silicon atom, or 
SiO2). In chert, four oxygen atoms end up encasing one silicon atom and each 
oxygen atom actually bonds to two silicon atoms. However, no two oxygen atoms 
share the same two silicon atoms. Think of pyramids (similar to the ones in 
Egypt) connected solely by their corners (Luedtke, 1992). 
According to Luedtke (1992), Blatt et al. (1972) and Genedi (1998), clays, 
carbonates (specifically calcite), iron oxides (specifically hematite), and organic 
materials comprise the most common trace element impurities within chert. 
These impurities cause different chert types to vary in texture, color, luster, etc.  
Luedtke (1992) presents ideas for the causes of these impurities. First, many of 
these impurities were probably formed in the same general area as the chert and 




impurities could have precipitated from solution as the chert also precipitated 
from solution. Finally, many minerals are simply naturally associated with each 
other. As the amount of impurities present in chert is usually around 10%, 
concentrations of these trace chemical impurities must be determined by 
chemical methods (Blatt et al., 1972). 
As mentioned by Luedtke (1992) and Blatt (1982), one aspect affecting 
silica solubility is the presence of certain organic materials. Certain organic 
materials can increase the solubility of silica by trapping silica atoms within 
molecular ring structures. Though not discussed by Luedtke (1992) or Blatt 
(1982), the author of this paper wonders if perhaps the organic rings could 
contribute to certain trace elemental concentrations in chert by trapping elements 
other than silicon prior to adsorbing onto the surface of chert. One method for 
testing this idea would be to analyze a sample of chert for its trace elemental 
constituents, then rinse the sample in a solvent appropriate for dissolving organic 
materials, and finally reanalyze the sample to see if the concentrations of any of 
the trace minerals present (other than carbon) changed. 
Aside from trace minerals, researchers rely on oxygen isotopes to learn 
about chert. According to Luedtke (1992), higher 18O/16O (δ18O) ratios indicate 
that the chert formed at lower temperatures. Genedi (1998) performed an 
experiment in which he analyzed oxygen isotope ratios of opal-A, opal-C, opal-
CT, microquartz, and megaquartz. His results demonstrated an inverse 
relationship between temperature and δ18O, which supports Luedtke‟s (1992) 




formed in evaporite conditions. The presence of certain materials that have low 
δ18O values, however, will consequently lower the δ18O value for chert. Although 
many researchers utilize δ18O information in their investigations of chert, one 
must remember that this ratio only indicates the δ18O for the most recent stage of 
diagenesis.   
Up till now, all possible variation within chert has referred to variation 
between different types of chert. However, chert can also have intrasource 
variability. In a paper by Luedtke (1978), she cites the two main causes of 
intrasource variability as the occurrence of micro depositional environments 
during the formation of chert and post-depositional influences. Also, it is likely 
that the processes resulting in the formation of chert changed over the course of 
diagenesis as researchers have determined that chert formation takes at least 
several thousand (and usually, several million) years to complete (Luedtke, 
1992). 
Formation of Chert 
Solution of silica is affected positively (meaning more silica can be forced 
into solution at a quicker rate) by temperature, pressure, pH, an increase in 
surface area, the presence of certain organic materials or other impurities, and 
decreasing CO2 (Luedtke, 1992; Umeda, 2003; Genedi, 1998). Based on her 
literature review and previous knowledge about chert formation, Luedtke (1992) 
makes the prediction that smaller quartz grains form when temperatures are 




The precipitation of silica as chert results from diagenesis. Giles (1997, p. 
1) lists the definition of diagenesis as “all the chemical, physical and biological 
processes operating on a sediment from the time of its deposition until it enters 
the realm of metamorphism.” He then goes on to describe the geological, 
chemical, physical, and biological aspects of diagenesis in great detail. Several 
diagenetic processes include compaction, cementation, chemical alteration, 
replacement, and recrystallization. Any one or a combination of these processes 
may form chert. (Luedtke, 1992)   
Often times, chert is associated with limestone. Luedtke (1992) cites many 
reasons why these two rock types frequently occur together. First, organisms 
with carbonate exoskeletons and organisms with silica parts both enjoy similar 
living conditions and so will be found living together and dying together. 
Secondly, the conditions that cause dissolution of limestone promote the 
precipitation of silica. Finally, according to Luedtke (1992, p. 29) “the presence of 
carbonates accelerates the formation of opal-CT”. Blatt (1982) notes that the 
chert nodules found within beds of limestone generally appear to have formed 
prior to the lithification of the limestone. The evidence for this is that laminae 
within the limestone curve around the chert nodules, rather than the nodules 
crosscutting laminae. 
In his book, Shepherd (1972) mainly refers to the English chalk cliffs and 
the chert contained therein; his discussions, however, are somewhat applicable 
to all chert. „Somewhat‟ because the exact method of chert formation has yet to 




or be applied to each and every known occurrence of chert. One of Shepherd‟s 
(1972) chapters is titled “The Segregation of Flint.” This phrase refers to the 
process(es) of changing from amorphous silica to chert. Shepherd (1972) 
presents three theories for the formation of chert: syngenetic, 
penecontemporaneous, and epigenetic.   
In the syngenetic theory, as silica-bearing organisms die and decay, their 
silica parts dissolve and group into molecular clumps. As clumps come together 
and grow in size, they slowly sink to the bottom of the sea. The sea floor slowly 
becomes super saturated with silica, and under appropriate conditions, silica 
precipitates. Slowly, the lumps of silica gel harden into crypto- to microcrystalline 
chert, squeezing out excess water as new sediments deposit on top of the 
emerging chert. This theory wonderfully explains the occurrence of soft tissue 
preservation of sea floor dwelling organisms. Essentially, organisms „breathe in‟ 
silica clumps. Shepherd (1972) presents six problems with this theory. First, 
scientists do not observe this phenomenon today. Second, syngenetic formation 
does not explain the selective preservation of only certain species of sponges. 
Third, according to this theory, loose spicules should be preserved in the chert. 
However, loose spicules are only observed in chalk layers without chert nodules. 
Fourth, nodules formed following this theory should occur parallel to the sea 
floor. Observed nodules do not follow the trend of the sea floor. Fifth, the 
pressure of the overlying sediments would not be enough to rid the amorphous 
silica of its water content. Finally, the concentration of silica in the water was not 




Penecontemporaneous formation addresses some of the problems of the 
syngenetic theory. The process of penecontemporaneous formation is essentially 
the same as the syngenetic process, except that the silica is clumped by currents 
in the sediments, and the clumps are much more deeply buried before they begin 
precipitating from solution. This theory also has major flaws, though as scientists 
have determined that the depths required for precipitation are much greater than 
the actual hypothesized depths of the sea in which the English chalk was 
deposited. In addition, this theory does not explain the preservation of soft 
tissues. 
Shepherd‟s (1972) third theory is the epigenetic formation of chert. In this 
theory, the chalk was deposited and raised as a relatively homogenous body of 
limestone. Silica parts existed and were preserved within the chalk. After uplift, 
rain water percolated down through the chalk and dissolved the silica. As the 
water continued to move down and dissolve more and more silica, it slowly 
became saturated. Eventually, silica precipitated from the solution as chert along 
planes of weakness in the lower chalk layers. One study mentioned by Shepherd 
(1972) compared the amount and location of silica in solution to the amount and 
locations of chert within the chalk. The results demonstrated a correlation 
between the two and stand as evidence in favor of this theory of formation. 
Again, however, Shepherd (1972) emphasizes that one theory cannot be used to 
explain the many unique situations found within the chert deposits of the English 




According to Carozzi (1960, p. 291), the three most commonly observed 
processes whereby amorphous silica turns into chert are as follows: “the 
amorphous gel may segregate by itself; it may migrate and be added to siliceous 
sediments of organic origin…; or it may migrate and replace other sediments.” 
He does not elaborate on these three theories, but rather spends the rest of his 
chapter on siliceous rocks describing occurrences of very specific silicic 
sediments and rocks that comprise a very small component of the chert 
continuum.   
Both Maliva and Siever (1989) and Genedi (1998) discuss three theories 
specifically for the formation of nodular chert: the organic matter oxidation model, 
the hydrogen sulfide oxidation model, and the mixing zone model. In the organic 
matter oxidation model, clumps of organic matter slowly become oxidized by 
bacteria, which results in local conditions appropriate for silica precipitation. 
Oxidation of organic matter results in localized higher CO2 partial pressures, 
causing an increased solubility of carbonate minerals. Silica then precipitates 
with organic matter, resulting in a lower local concentration of silica in solution. 
More silica then diffuses to the area to maintain equilibrium. 
For the hydrogen sulfide oxidation model to work, an oxic/anoxic boundary 
must exist. If iron exists in the anoxic zone, much of the hydrogen sulfide will 
react to form iron sulfide minerals. Excess hydrogen sulfide theoretically then 
moves to the oxic region and is oxidized to form native sulfur or sulfate. If sulfate 




Opal-CT precipitates in conditions where carbonates dissolve. Further diagenesis 
would later cause the opal-CT to recrystallize as chert. (Maliva and Siever, 1989) 
In the mixing zone model, carbonate saturated marine waters mix with 
silica saturated fresh water. After observing rhombohedral dolomite grains 
preserved in silicified carbonates in thin section, Genedi (1998) argued that one 
of the chert types examined in his study formed in a mixing zone during sea level 
transgression. The dolomite rhombs would have formed during sea level 
regression, when the pH was high and alkaline conditions existed. Transgression 
then causes a lowering of the pH and subsequent silica precipitation with the 
dolomite. Umeda (2003) also used the mixing zone model to explain the 
formation of the chert analyzed in his study. His reasons for using the theory, 
however, greatly differed from Genedi‟s (1998). The chert in Umeda‟s (2003) 
study occurs as lenses within alternating beds of peat and mudstone. Anoxic, 
silica-rich nonmarine water deposited the peat in a lagoon or estuary type 
environment. The dense, mud-bearing seawater mixed with the anoxic waters 
and provided oxygen for the environment, causing the silica to precipitate. Thus, 
peat and mudstone interbedded with chert resulted. The mixing zone model of 
formation seemed appropriate in both situations even though the chert types 
studied were very different. 
After they described the three previously mentioned models of formation 
and why the models could not explain the formation of the chert nodules in their 
study, Maliva and Siever (1989) propose a different model: the force of 




that even in calcite saturated waters, increased pressure on a calcite crystal can 
cause local calcite undersaturation, and thus dissolution of the calcite crystal. In 
the force of crystallization-controlled replacement model, growing quartz and 
opal-CT grains cause the local pressures that result in the dissolution of calcite 
grains. Therefore, the rates at which quartz precipitates and calcite dissolves are 
the same. According to Maliva and Siever (1989), formation of chert by their 
proposed model can occur in many different depositional environments, including 
shallow or deep sediments and marine or nonmarine waters. 
Blatt et al. (1972) divide the formation of chert into two major categories: 
formation influenced by organics and inorganic formation. Organic origin is 
succinctly described by Luedtke (1992) as follows. Most studies reviewed by 
Luedtke (1992) seem to think that opal-A (which comprises the skeletons of 
radiolarians and silicoflagellates, the spicules of sponges, and the outer cell walls 
of diatoms) is quickly dissolved after the death of an organism. Opal-CT then 
precipitates from the dissolved opal-A. After the opal-CT dissolves, the slow 
process of quartz crystallization begins. Some papers reviewed by Luedtke 
(1992), however, argue alternate pathways for the formation of chert, such as no 
crystallization of opal-A or the crystallization of quartz directly from opal-CT 
without dissolution.   
A method for inorganic formation is proposed by Blatt et al. (1972). 
Slumps and folds of chert that are not of metamorphic origin have been observed 
in geologic contexts. Geologists have explained the formation of these 




gel-type phase prior to lithification. In bodies of water with rather high pH values, 
quartz and minerals containing silicon and oxygen are fairly readily dissolved. As 
the pH seasonally fluctuates and lowers, the silica is precipitated. Peterson and 
von der Borch (1965) had made these same observations concerning the 
formation of chert in lakes in Australia, but also made suggestions concerning the 
source of the silica. Upon examining, they discovered that the surface of local 
medium-grained detrital quartz was covered in small pits. In thin section, the 
edges of the quartz grains were jagged and haloes of fine-grained silica and 
carbonate surrounded the quartz grains. They concluded that the detrital quartz 
was the source of the gelatinous silica precipitating in the lakes during seasons 
when the pH was lower. 
With so many possible depositional environments, it would be helpful to 
have a quick test to easily determine where a chert formed. Dasgupta et al. 
(1999) determined the CaO/(CaO + MgO) ratios of several banded iron-
formations and manganese deposits to find out whether or not the ratios could 
discriminate between freshwater deposits and marine deposits. Their results 
showed that freshwater deposits have a CaO/(CaO + MgO) ratio greater than 
0.65 ± 0.05 and marine deposits have CaO/(CaO + MgO) ratio less than 0.65 ± 
0.05. They then applied the method to chert with favorable results. However, they 
qualify their data by warning that the method is only successful if “carbonates 
and detrital components associated with them are nominal or their influence can 
be adequately quantified” (Dasgupta et al., 1999, p. 96). Still, their method seems 





 The geology and specifically the formation of chert are very complex, 
especially for a rock with such a near uniform composition. Chert can form in 
many environments and is affected by several factors. The varied nature in which 
it occurs has spawned the development of many theories of formation that are 
just as diverse. While chert deposition and formation are complex and varied, 
these complexities are also partially responsible for the minute differences in 
different chert types. Understanding the trace chemistry of chert will help 
scientists better understand the diagenetic processes involved in its formation. 
Trace chemistry analyses using methods such as reflectance infrared 
microspectroscopy also assist archaeologists in determining the origin of chert 
artifacts. Research of the formation and trace chemistry of chert must continue in 
many academic disciplines and by several methods including RIRMS if we are to 
fully understand the unique nature of this stone and involve it in the analysis of 




3. PREVIOUS WORK 
Introduction 
 Many different techniques have been used to deduce the origin of 
materials used to create stone tools. Understanding the sources of lithic 
materials allows archaeologists to make judgments about trade patterns and 
interactions among different groups of prehistoric peoples. Though geochemical 
methods have been at the center of efforts to define artifact sources, three major 
problems exist. These problems are inconsistent results, cost and sample 
destruction. For valuable artifacts belonging to many public and private 
collections, chipping, breaking, or grinding of a sample is not an option.     
Archaeological sourcing studies connect artifacts to their geologic parent 
material. As stated by many authors, accurate sourcing studies hinge on 
knowledge of the geologic history and geography of a source in question 
(Glascock and Neff, 2003; Luedtke, 1978; Lyons et al., 2003; Navazo et al., 
2008). Sourcing studies have been conducted on ceramics, obsidian and other 
igneous rocks, chert, and quartzite. Presented here is a review of sourcing 
studies pertaining to chert. The first portion of this chapter describes the theory 
behind several methods, and summarizes several chert sourcing studies which 
are sorted based on the main geochemical method used by the study. Part two of 
this chapter contains a table summarizing the advantages and disadvantages of 
the techniques discussed.   
Thus far, literature review has not revealed any previous use of 




technique for chert. Many other geochemical techniques, however, have been 
applied to the sourcing of chert. Some of these alternate methods include visual 
interpretation, ultraviolet inspection, cathodoluminescence, X-ray fluorescence, 
electron spin resonance spectroscopy, instrumental neutron activation analysis, 
laser ablation inductively coupled mass spectrometry, X-ray diffraction analysis, 
transmission and absorbance IR spectroscopy, and reflectance IR spectroscopy 
in the visible and near infrared regions (Aspinall and Feather, 1972; Fassbinder, 
2002; Griffiths and Woodman, 1983; Hawkins et al., 2008; Hoard et al., 1992; 
Hoard et al., 1993; Hubbard, 2004; Julig et al., 1991; Long et al., 2001; Luedtke, 
1978; Luedtke, 1979; Lyons et al., 2003; McGinley and Schweikert, 1979; 
Monaghan et al., 2004; Navazo et al., 2008; Neff, 2000; Parrish, 2009; Pretola, 
2001; Speakman et al., 2002; Speakman and Neff, 2005). 
Chert Sourcing Techniques 
Visual Interpretation 
Chert from different sources resulted from different geological histories. 
Therefore, they will have different trace element compositions, which will result in 
variations in color, texture, luster, inclusions, cortex, and banding. By examining 
samples with the naked eye and comparing them with source samples, one can 
potentially determine the origin of the sample. (Luedtke, 1979; McElrath and 
Emerson, 2000; Spielbauer, 1984)  
McElrath and Emerson (2000) provide three archaeological examples in 
support of their drive to use macroscopic investigation with chemical and 




considering first the intrinsic characteristics of the material in question ignores the 
human component and therefore defeats the purpose for doing the study 
altogether. Indigenous peoples did not search for raw lithic materials based on 
their trace chemical components; rather they selected materials based on color, 
texture, flakibility, distance to their home, etc. In the three examples provided, 
McElrath and Emerson (2000) make inferences relating to gender roles, 
economics, and iconology in prehistoric societies based on visual raw material 
characteristics. Ultimately, McElrath and Emerson (2000) conclude that 
examination of visual characteristics should complement chemical and 
geochemical analysis of chert tools and other materials.  
Ultraviolet Fluorescence 
Impurities in the crystal lattice of minerals and crystalline materials result 
in fluorescence when the material is excited by specific frequencies of ultraviolet 
light (Lyons et al., 2003; Church, 1994). 
Lyons et al. (2003) utilized ultraviolet fluorescence, visual inspection, and 
instrumental neutron activation analysis to source chert artifacts discovered at 
the Lost Dune site in Oregon. Each sample was examined macroscopically and 
its color, luster, and texture were recorded. Then, samples were fluoresced 
visually and with a fluorescence spectrophotometer. The color that each sample 
visually fluoresced was carefully examined and recorded. The spectrophotometer 
created a spectrum unique to each sample, but all showed the peak 
characteristic of quartz. Finally, samples were analyzed using instrumental 




determined to account for >95% of the variation between samples and were 
therefore used to perform a principle component analysis. The five types of chert 
analyzed in their study were distinguishable using principle component analysis. 
Lyons et al. (2003) attribute this success to the variety of ways that the chert in 
their study area formed. While their results demonstrated a successful pairing of 
archaeological artifacts with geological sources, samples underwent three 
different methods (one of which was destructive) to be sourced. So, as principle 
component analysis using the results from INAA was the method that ultimately 
paired artifacts with sources in this study, it does not appear that ultraviolet 
fluorescence can stand on its own as a chert sourcing technique. 
Cathodoluminescence 
Cathodoluminescence is very similar to ultraviolet fluorescence. The 
elements in a sample are excited using an electron gun. As the elements return 
to their stable configurations, they give off luminescence unique to the sample‟s 
structural characteristics. Samples must be made into a thin section for analysis, 
though (Church, 1994). 
X-Ray Fluorescence 
Samples are bombarded with X-rays. The X-rays collide with electrons in 
lower orbital shells of elements within the sample. Electrons in higher orbital 
shells fall into the vacated positions to increase the element‟s stability. As these 
electrons fall, they emit X-rays. This emission is fluorescence, and can either be 
measured qualitatively by optically viewing the process, or quantitatively by 




method does have potential as a nondestructive technique that may provide 
trace chemical information. (Moens et al., 2000) 
Atomic Absorption Spectroscopy (AAS) 
In atomic absorption spectroscopy, electricity is used to excite gas in a 
cathode ray tube. The excited atoms knock off metal atoms coating the cathode. 
As the metal atoms de-excite, they create the wavelength that will excite the 
sample after the sample has been dissolved and injected into a flame. A detector 
measures the amount of energy lost as the cathode ray interacts with the 
sample. Energy is lost from the ray as elements within the sample absorb the 
radiant electromagnetic energy. (Young and Pollard, 2000) 
Atomic Emission Spectroscopy (AES) 
Elements in samples are excited using thermal energy. As elements cool 
down and de-excite, they give off energy in the form of a characteristic emission 
spectrum. A detector measures the energy given off as elements settle into a 
stable form. (Young and Pollard, 2000) 
Although their paper was not specifically to source chert, Thompson et al. 
(1987) did run a test to discover whether or not inductively coupled plasma 
atomic emission spectrometry could be used to source chert. They discussed the 
procedures and many advantages and limitations of ICP-AES. One table 
contained median ICP-AES concentrations of 16 elements for 11 types of chert. 
When looking at the 16 elements simultaneously, it appeared that each chert 
type could be distinguished from one another. However, while ICP-AES may be 




that have a greater importance in chert analysis than AAS, the process requires 
at least 39 hours of sample preparation, during which the sample(s) is dissolved 
and heated in acid. In addition, Thompson et al. (1987, p. 244) admitted that the 
biggest set back of ICP-AES "is apparent when the analyte concentration 
regularly falls below the detection limit". Due to its destructive nature and 
unreliability, ICP-AES is not an acceptable method for chert sourcing studies. 
Electron Spin Resonance Spectroscopy (ESR) 
Materials are naturally irradiated to a certain extent, either by internal 
radioactive elements or by external sources such as the sun. Radiation causes 
elements to eject electrons. As the electrons strive to return to their vacated 
positions, they can become trapped in gaps, breaks, and holes in the material‟s 
crystal lattice. The longer a material is irradiated, the more electrons become 
trapped in the holes. Electron spin resonance spins the electrons in the holes 
and measures the energy given off as the electrons spin. More electrons result in 
more energy given off. Typically, scientists use this method to date materials. In 
provenance studies, dates of artifacts are compared to dates of source materials 
to determine the parent material. (Grün, 2000; Church, 1994) 
Griffiths and Woodman (1987) use electron spin resonance spectroscopy 
to determine where ancient peoples in Ireland were obtaining their raw chert. The 
study examines four geological chert sources and two archaeological sites. After 
examining their initial results, Griffiths and Woodman (1987) selected two peaks 
in their chert spectra, found the amplitude of these two peaks in each spectrum 




single nodules, ESR results demonstrated a significant range of A/B ratios. While 
one of the archaeological sites in question did appear to match one of the 
geological sites, they concluded their paper by suggesting that characteristics 
(spectral, visual, or other) other that just the A/B ratio should be considered in 
future studies. 
Instrumental Neutron Activation Analysis (INAA or NAA) 
Samples are placed in or around a nuclear reactor and irradiated. 
Irradiation simply means that neutrons given off by the fission of 235U interact with 
elements in the sample. The extra neutrons are absorbed by elements in the 
sample, making the elements radioactive and unstable. Irradiated elements 
slowly decay to a more stable configuration. The amount of decay is carefully 
monitored and peaks are assigned based on their location and when they were 
collected. Peaks correlate to each element‟s half-life, as well as the concentration 
of that element. Standards must be irradiated with samples so that data can be 
calibrated. (Glascock and Neff, 2003; Neff, 2000)  
After several unfruitful sourcing analyses using macroscopic investigation, 
petrography, and X-ray diffraction, Spielbauer (1984) turned to NAA. He 
conducted several small but significant analyses on geological and 
archaeological samples. In his conclusions, he makes reference to the cultural 
applications of sourcing studies, namely the use and procurement of lithic 
materials.   
Many studies utilize instrumental neutron activation analysis (INAA) either 




provide a history of the archaeological use of NAA, a rather detailed description 
of the theories and equations behind NAA, and two simple examples of the 
applications of the technique. Unfortunately, neither of their examples involves 
chert. Their examples do demonstrate, though, that archaeologists can use 
sourcing data to understand trade and exchange interactions between groups of 
indigenous peoples and their preference of certain materials over others.   
Luedtke (1978) determined the usefulness of applying trace-element 
analysis (specifically INAA) to chert sourcing studies, and thoroughly addressed 
the issue of intra-formation variability of chert. She conducted several small 
experiments to determine if intra-formation variability even exists. First, cobbles 
from several different sources of chert, but the same types of chert were 
analyzed, statistically compared, and found to be significantly different. Secondly, 
a single type of chert was analyzed to determine whether or not a correlation 
exists between visual variation and chemical variation. Though a correlation did 
appear to be present, Luedtke (1978) reminded readers to remember that color is 
based on chemical compounds and INAA can only analyze single elements. The 
second topic of Luedtke‟s (1978) discussion involved variation between artifacts 
and sources. Based on previous analyses, artifacts always appeared to have 
smaller amounts of trace minerals than raw chert from the source. A possible 
reason for this is the exposure of artifacts to weathering and leaching effects 
after discard. Statistics were used to analyze this problem. Though weathering 
and leaching did not statistically appear to cause this anomaly, Luedtke (1978) 




section of Luedtke‟s (1978) paper addressed variation between formations. Here, 
a discriminant analysis was performed, which did appear to differentiate between 
different formations solely based on trace element constituents. Luedtke (1978) 
emphasized that good sampling techniques should be employed when obtaining 
raw materials for analysis, and encouraged future studies to improve statistical 
analysis of data. 
Nance (2000) used the results of his NAA sourcing study to make 
inferences concerning lithic procurement strategy. He examined Dover chert from 
Tennessee and McCormick Creek chert from Kentucky, and found them to be 
distinguishable based on their trace element chemistry. He then analyzed 
samples from the Morrisroe site in Kentucky. The samples from Morrisroe did not 
match Dover chert at all and only somewhat matched McCormick Creek chert. 
Based on this study and some of his earlier work, Nance (2000) concluded that 
Native Americans at the Morrisroe site used an embedded procurement strategy. 
Hatch and Miller (1985) examined the Vera Cruz jasper quarry in 
Pennsylvania. One of the three main goals of their study was to determine 
whether or not jasper is conducive to sourcing studies. Using NAA and 
discriminant analysis, they were able to distinguish between jasper quarries in 
Pennsylvania. Though they do not outright say it, their results will help in 
analyses of archaeological sites near the quarries. These future analyses may 





Cackler et al. (1999) used NAA to try and reproduce results from a 
previous study by Mark Tobey in which he distinguished two unique chert types 
in the Northern Belize chert-bearing zone. They added their own samples and 
also used Tobey's data, as well as data from an unpublished study by H. Iceland 
and T. R. Hester. Cackler et al. (1999, p. 393) used several statistical techniques, 
including "cluster analysis, canonical discriminant analysis, principle components 
analysis, and the examination of numerous bivariate plots of elemental 
concentrations" in their attempts at replicating Tobey's work. Their results instead 
proved that all chert from the Northern Belize chert-bearing zone is chemically 
similar. Only Crooked Tree chalcedony, which was already visually distinct, could 
be distinguished by their NAA results. In spite of the seeming failure of their 
study, Cackler et al. (1999) claimed that Tobey's data actually reinforce their 
findings. His problem came from his use of cluster analysis, which Cackler et al. 
(1999) stated can sometimes appear to split data into groups when in fact those 
groups do not exist. Cackler et al. (1999) also praised NAA rather than complain 
about a lack of sensitivity. The reason they cited for not being able to distinguish 
different types of chert was because the chert was homogeneous. Studies such 
as this make apparent the need for a universal database of chert chemical 
signatures that can easily be compared from one study to the next. 
Hoard et al. (1992) used NAA to distinguish between two chert sources for 
the same geologic formation (Chadron Formation Chalcedony). They also 
analyzed materials from the Eckles archaeological site that they and others 




anything from the raw NAA data; therefore, they turned to multivariate statistics 
to characterize the two geological sources and the Eckles site. A scatterplot of 
the first two principle components showed the Eckles site data largely 
overlapping the data from Colorado, which caused Hoard et al. (1992) to 
conclude that the Eckles material came from Flattop Butte, Colorado. While they 
admitted their analysis had several short falls, Hoard et al. (1992) emphasized 
that the purpose of their study was to determine whether or not NAA could be 
used to source raw chert from the Chadron Formation. In a later version of this 
paper, Hoard et al. (1993) add data from a third CFC (termed the White River 
Group Silicates or WRGS) outcrop and a second archaeological site. Their 
findings were similar to the earlier study. Paleoindian groups at both sites 
preferred exotic, high quality materials over local sources. They proposed that 
the western sites were actually camps utilized while obtaining raw materials or 
other resources and the eastern sites were for longer periods of residence. While 
NAA proved successful in this instance, one must remember that NAA studies 
are costly and destructive. 
Mass Spectrometry 
Samples are separated into their components by ionization. A magnet 
within the mass spectrometer pulls ions towards the instrument‟s detector. The 
mass of the ions causes them to have a larger or smaller radius as they swing 
towards the detector. The number of ions with a specific mass reflects the 





Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-
ICP-MS). Samples are ionized by a laser. The laser does cause destruction of 
the sample, but at a micrometer scale. (Young and Pollard, 2000) 
Fassbinder (2002) utilized a version of LA-ICP-MS that required the 
crushing of samples to analyze geological and archaeological chert samples that 
had previously been characterized based on color, luster and presence of fossils. 
LA-ICP-MS results were correlated with visual characteristics of the samples. 
Fassbinder (2002) identified a pattern between color and incompatibles and rare 
earth elements. Although he felt that he did successfully correlate one of his 
archaeological samples with a geological source, he had to crush the sample to 
do so. 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). In 
inductively coupled plasma mass spectrometry, samples must be ground into a 
powder and heated to form a pellet. The pellet is ionized as it burns in the 
plasma. 
Evans et al. (2007) used ICP-AES, ICP-MS, and LA-ICP-MS to source 
geological and archaeological samples from Britain. Their study successfully 
distinguished between four geologic chert sources. With further development of 
the analytical techniques, they speculated that sourcing studies can help 
archaeologists understand “economy, diet, and mobility” of indigenous peoples 
(Evans et al., 2007, p. 2168). 
Hess (1996) called for the application of sourcing techniques to chert 




(1996), are necessary for understanding trade patterns, procurement strategies, 
and mobility of prehistoric peoples. In his study, Hess (1996) analyzed several 
geological samples and four archaeological samples by visual inspection, 
petrography, ICP-MS, and NAA. Hess (1996) encouraged the use of visual 
inspection, but only as a preliminary analysis with another technique. 
Petrographic results were not quite as conclusive as ICP-MS and NAA and 
actually required a regional geological knowledge to truly be useful. ICP-MS and 
NAA provided comparable results. In the future, Hess (1996) stated that he will 
only use ICP-MS as it is less costly and quicker than NAA. 
Segal et al. (2005) focused on rare earth element (REE) composition to 
distinguish geological chert types and to source archaeological chert artifacts 
from Israel. Sample preparation included crushing samples into powder, washing 
samples with acid, and heating samples. Segal et al. (2005) washed samples in 
acid both to remove excess calcite, and to dissolve samples for analysis. The 
acid wash had to be saved and analyzed as well, however, since some REE was 
washed away. They utilized X-ray diffraction to determine which quartz phase 
had the most REE washed away by the acid. Opal-CT, which absorbs more 
readily than quartz, was deemed responsible and was found in high 
concentrations in samples containing silicified limestone. Following XRD 
analysis, Segal et al. (2005, p. 231) used ICP-AES to determine "major and 
some trace minerals", although they did not appear to use the ICP-AES results to 
make any conclusions. The brunt of their argument stemmed from the REE 




analyzed matched a local geological source. They determined that the final 
artifact was a piece of exotic chert that could be found close to the archaeological 
site in the form of gravel. The REE pattern of the artifact did not exactly match 
the geological pattern of the exotic chert, which they attributed to the fact that the 
piece was from a gravel and not obtained from the original source itself. They 
concluded that their methodology was applicable to archaeological chert, 
conglomerate chert and detrital rocks. While it may be a useful tool in the 
analysis of conglomerate and detrital lithic materials, a destructive method such 
as this is not always applicable in archaeological sourcing studies. 
Petrography 
Materials are cut into thin sections and examined under polarized light 
microscopes for information on texture, inclusions, fossils, and mineralogy. 
(Church, 1994; Pretola, 2001) 
Monaghan et al. (2004) employed petrography to determine the 
formational history of jasper from the Brook Run site. However, they also had an 
ICP analysis performed to reinforce their findings. Though their study was not a 
sourcing study, they stated, "unique characteristics of the jasper were also 
identified that may aid in sourcing artifacts derived from the quarry." (Monaghan 
et al., 2004, p. 1083) These unique characteristics they refer to include fossil 
bacteria filaments and bubbles containing both gas and fluid. Though these 
characteristics may in fact be unique to jasper from the Brook Run site, the 
problem again is destruction of sample to create thin sections from which to 




Navazo et al. (2008) used three sourcing techniques to learn about where 
ancient peoples obtained raw materials in Spain. Their study area included two 
distinct types of chert of different ages. The methods used in their analysis 
include petrographic examination under a transmission light microscope, XRD, 
and ICP-MS. Petrographic analysis revealed textural and fossil differences 
between the two types of chert. When discussing their ICP-MS analysis, they 
mentioned that the analysis could be done with "little destructive impact" (Navazo 
et al., 2008, p. 1964). As they continued their discussion, they state that the 
samples used in the ICP-MS analysis were dissolved in hydrofluoric and nitric 
acids. ICP-MS was only used to qualify data because "quantification via 
calibration using standards would have been too expensive for this number of 
elements." (Navazo et al., 2008, p. 1965) X-ray diffraction was utilized to 
reinforce data collected by the other two methods. Using XRD, they could 
observe differences in the amounts of moganite (a chert polymorph) between the 
two chert types. After performing their geochemical analyses, Navazo et al. 
(2008) used three statistical analyses (linear discriminant analysis, support vector 
machines, and k-nearest neighbor) to correlate their results. They discovered 
that archaeological artifacts more closely resembled geological materials from 
secondary source sites, which they interpreted to mean that artifacts cannot be 
accurately sourced based solely on information obtained from outcrops. As 
climate and degree of weathering change from place to place, this may not 




Navazo et al. (2008) needed three geochemical methods to conduct their study, 
all of which were destructive. 
X-Ray Diffraction Analysis (XRD) 
Minerals have crystalline structures that provide the basis of X-ray 
diffraction analysis when X-rays are directed at a sample. The manner in which 
they are deflected provides information on the structure and concentration of 
minerals. Information on mineral phases can also be obtained. (Church, 1994; 
Pretola, 2001) 
Pretola (2001, p. 721) explained that the purpose of sourcing studies is “to 
reconstruct ancient trade routes, population movements, and socioeconomic 
interaction.” Pretola (2001) utilized both petrography and X-ray diffraction in his 
chert sourcing study. With these two techniques, he focused on determining the 
ratios of silica polymorphs within his samples. The underlying assumption in his 
study was that silica polymorph ratios vary from one chert source to the next, 
similar to trace element constituents. Overall, he found that it is best to use both 
techniques (petrography for qualitative purposes and XRD for quantitative 
purposes) when sourcing materials. 
Emerson and Hughes (2000) used the combined efforts of XRD and 
sequential acid dissolution inductively coupled plasma (SAD-ICP) to learn about 
trade in and out of Cahokia. In their conclusions, they posed questions for future 
studies in which sourcing techniques will likely play an important role such as: 
Were the acquisitions initiated by Cahokia as a whole or smaller groups within 




Were the objects or materials traded or taken forcibly? While XRD and SAD-ICP 
may help answer these types of questions, they destroy artifacts in the process. 
Fourier Transform Infrared Spectroscopy (FT-IR) 
Transmission/Absorbance Fourier Transform Infrared Spectroscopy. 
Infrared electromagnetic radiation is directed through the sample. A detector 
collects information on the wavelengths not absorbed by the sample. Two of the 
biggest advantages of Fourier Transform Infrared spectroscopy (transmission, 
absorbance or reflectance) are that all wavelengths are scanned simultaneously, 
as well as detected at the same time (Smith, 1996).   
Long et al. (2001) successfully applied transmission infrared spectroscopy 
to the sourcing of chert from the northeastern United States and southeastern 
Canada. They did this by comparing peak locations from their spectra with known 
mineral peak locations. One drawback of their study was that they were unable to 
remove quartz peaks from their spectra. Long et al. (2001) mentioned that 
sourcing data can be applied to the understanding of interactions among 
prehistoric peoples. As transmission FT-IR only requires a small sample that 
leaves a scar that “is easily hidden beneath a label,” they felt it could even be 
applied to valuable artifacts (Long et al., 2001, p. 265). However, a misjudgment 
in removing the small chip could shatter the whole sample. Also, transmission IR 
spectroscopy does not allow for the determination of intrasample variation. 
Hawkins et al. (2008) continued the investigation started by Long et al. 
(2001). They aimed to answer several questions in their study: would their 




quality chert contain enough trace minerals to be sourced, could absorbance FT-
IR be applied to sourcing chert archaeological artifacts, and what can sourcing 
information reveal about the lives of ancient peoples? After preparing samples by 
creating potassium bromide pellets and obtaining absorbance IR spectra, 
Hawkins et al. (2008) compared their spectra with peak positions of minerals that 
they had found referenced in other studies. They also compared spectra from 
archaeological samples directly to spectra from geological samples in order to try 
and source the archaeological artifacts. While analyzing their data, they identified 
several problems. First, some mineral peaks were offset, which they attributed to 
the large amount of quartz present in all samples. Second, several mineral peaks 
overlap or obscure each other completely. In general, their data were fairly 
consistent with data obtained by Long et al. (2001). They also found that chert 
nodules were chemically consistent. One interesting finding was that ancient 
peoples did not use only the highest quality chert. This finding contradicted data 
from another paper in which the author used X-ray diffraction (XRD) and did not 
find trace minerals in the samples he analyzed. Hawkins et al. (2008) then 
proposed that FT-IR might have a higher sensitivity than XRD. In their 
conclusions, Hawkins et al. (2008) admitted that creating the pellets for analysis 
was not cost efficient. Furthermore, they acknowledged that having a database of 
minerals to refer to, as well as a way of subtracting out the overwhelming quartz 
peaks would facilitate future studies. 
Reflectance Fourier Transform Infrared Spectroscopy. In reflectance 




onto a sample. Some of the beam is deflected, some is reflected straight back at 
the detector and some is actually absorbed by the sample. Part of the beam 
penetrates the sample to a very shallow depth before scattering back to the 
detector. The infrared beam that reflects off the sample and reaches the detector 
contains information concerning molecular bonds within the sample. Although 
reflectance infrared microspectroscopy has a lower resolution than transmission 
infrared data, RIRMS is fast, cost efficient, and ultimately, nondestructive.   
The closest known method to the proposed study is the use of reflectance 
spectroscopy in the visible and near infrared regions (Hubbard et al., 2004; 
Parish, 2009). Hubbard et al. (2004) used a LabSpec Pro FR portable 
visible/near-infrared spectrophotometer in their studies. First, they determined 
what angle the sample must be at to return the highest reflectance signal (0° was 
preferable, so they tried to keep the angle to less than 2°). To analyze spectra, 
Hubbard et al. (2004, p. 124) took the first derivative of the results in order to 
“compensate for scattering”. They then used Pearson's product-moment 
correlation coefficient to create a correlation matrix to facilitate comparing 
spectra. Their results showed that there are considerable differences in the 
reflectance spectra of chert from different localities used in their study. However, 
Hubbard et al. (2004) identified several situations in which reflectance infrared 
spectroscopy may not be appropriate, including studies of dark chert types that 
do not reflect well, thin samples, and heterogeneous materials. 
Parish (2009) has also utilized reflectance infrared spectroscopy in the 




Tennessee. In a manner similar to other authors discussed, Parish (2009) 
highlights the importance of sourcing studies in making inferences about 
archaeological issues such as raw material procurement strategies. Parish 
(2009) identified, surveyed and characterized four Dover chert quarries using 
visible and near infrared analysis. His study focused on "two levels of accuracy" 
(Parish, 2009, p. 135). First, he measured the ability of the method to correctly 
source chert according to type. His method successfully identified the chert type 
90% of the time. Second, he measured the ability of the method to distinguish 
between quarries of the same type of chert. By using visible and near infrared, 
Parish (2009) could not distinguish between individual quarries of the same type 
of chert. Different quarries of the same chert may not always exhibit the same 
infrared spectral signature as they did in Parish's (2009) study. However, the 
implications are clear that infrared spectroscopy in the visible and near infrared 
regions can and should be used in chert sourcing studies. 
Advantages and Disadvantages of Chert Sourcing Techniques 
Many methods (geochemical and other) are currently available to 
archaeologists for use in chert sourcing studies. To more obviously show the 
advantages and disadvantages of each method and to facilitate comparison 
between methods, this information has been compiled into a table (Table 3.1) by 
following the lead of Tykot (2004). Reflectance IR microspectroscopy in the mid 
infrared region does not suffer from the three main problems of other sourcing 
methods (inconsistent results, cost and destruction to the sample). However, this 




considered the fingerprint region of the infrared spectrum. (Bacci, 2000) No 
single material will have the same mid infrared spectral signature. Secondly, new 
developments in reflectance infrared microspectroscopy allow for analysis of very 
large objects at many angles. Artists apply the technique to the analysis of 
paintings hanging on walls. (Bacci, 2000) Also, as a spot analysis, RIRMS can 
detect intrasample variations. Finally, reflectance infrared microspectroscopy has 
been shown by Mouroulis et al. (2008) to detect mineral constituents. These four 
tremendous advantages, combined with the fact that RIRMS is inexpensive and 
most importantly nondestructive make it a very attractive candidate for use in 
chert sourcing studies. 
Summary 
Many sourcing techniques are available to archaeologists. No two studies 
are exactly alike, so in a way, it is helpful to have many options. At the same 
time, however, it is difficult to compare one study to another, even when they use 
the same technique. Several advancements have been made in chert sourcing 
methods in recent years. Hopefully, this trend will continue. After comparing 
current sourcing techniques and investigating the advantages and disadvantages 
of reflectance IR microspectroscopy, it seems apparent that RIRMS has great 
potential as a chert sourcing technique, and analysis with this technique should 
continue. Ultimately, the best sourcing method may be a range of techniques. 
For now, archaeologists will continue utilizing current sourcing methods to 




cultural interactions, gender roles, etc. As long as there are these questions to 




Table 3.1 Advantages and disadvantages of techniques useful in chert sourcing studies 
Method Analyte Advantages Disadvantages References 
Visual Inspection Solid Nondestructive 
Cost efficient (does not require 
advanced instrumentation) 
Highly subjective 
Problems with reproducibility 





     
Ultraviolet Fluorescence Solid Nondestructive Subjective 
Not definitive 
Problems with reproducibility 
Lyons et al. (2003) 
Church (1994) 




Liquid Sensitive Only a few elements analyzed 
at a time 
Destructive 
Must have uniform 
concentration 
Young and Pollard (2000) 




Liquid Ability to analyze several 
elements simultaneously 
Fast analysis 
Calibrated over entire spectrum 
Destructive 
Slow sample preparation 
Young and Pollard (2000) 
Thompson et al. (1987) 
     
Cathodoluminescence Solid Reveals structural details Destructive 
Subjective 
Church (1994) 
     
X-ray Fluorescence Solid Nondestructive Subjective Moens et al. (2000) 
     
Electron Spin Resonance Solid Can also detect heat treatment Lacks sensitivity Grün (2000) 
Church (1994) 










Table 3.1 Advantages and disadvantages of techniques useful in chert sourcing studies (continued) 
Method Analyte Advantages Disadvantages References 
Instrumental Neutron 
Activation Analysis (INAA) 
Solid High sensitivity 
Easy sample preparation 




Irradiation of samples is timely 
Requires a nuclear reactor 
Glascock and Neff (2003) 
Neff (2000) 
Nance (2000) 
Hoard et al. (1993) 
Hoard et al. (1992) 
Hatch and Miller (1985) 
Spielbauer (1984) 
Leudtke (1978) 
Cackler et al. (1999) 











Evans et al. (2007) 
Roll (2005) 
Segal et al. (2005) 
Fassbinder (2002) 
Young and Pollard (2000) 
Hess (1996) 
     




High learning curve 
Navazo et al. (2008) 
Monaghan et al. (2004) 
 
     
X-ray Diffraction Powder 
Solid 
Mineral (rather than just 
elemental) composition 
Whole sample analysis – powder 
Destructive 
Spot analysis – solid 
Pretola (2001) 
Emerson and Hughes (2000) 
Church (1994) 
     
Transmission Infrared 
Spectroscopy 
Powder Fast analysis 
High signal to noise ratio 
Analyzes whole sample 
Analyzes all wavelengths 
simultaneously 
Mineral (rather than just 
elemental) composition 
Destructive 
Lengthy sample preparation 
Hawkins et al. (2008) 
Long et al. (2001) 
Smith (1996) 
 
     





Table 3.1 Advantages and disadvantages of techniques useful in chert sourcing studies (continued) 




Fast data collection 
Little to no sample preparation 
Cost efficient 
Analyzes all wavelengths 
simultaneously 
Mineral (rather than just 
elemental) composition 
Spot analysis 
Lower signal to noise ratio 
 
Parish (2009) 









 The evaluation of the utility of reflectance infrared microspectroscopy as a 
potential tool for chert provenance studies is initiated by this project by 
determining whether or not several archaeologically important chert types could 
be distinguished from each other by this method. The chert types investigated 
included five pairs of macroscopically visually similar types. Each chert was 
studied with a variety of analytical methods to discern their impurity chemistries. 
These additional analytical methods included X-ray diffraction, thin section 
analysis, energy dispersive X-ray analysis, and transmission infrared 
spectroscopy. 
The chert types under investigation include Black Ft. Payne (or Buffalo 
River Black, from west central Tennessee), Black Mountain (or Phosphoria, from 
Utah), Buffalo River Bulls Eye (west central Tennessee), Burlington (east central 
Missouri), Dover (west central Tennessee), Kaolin (southern Illinois), Mill Creek 
(southern Illinois), Arkansas Novaculite (Arkansas), Ohio Flint Ridge (central 
Ohio), and Red Horse Creek (or Pickwick, from northwest Alabama, northeast 
Mississippi, and south central Tennessee). Pictures of each chert type are 
included in Appendix A as Figures 4.1-4.10. Black Ft. Payne, Burlington, Dover, 
Ohio Flint Ridge, and Red Horse Creek were selected for study because of their 
archaeological significance. Black Mountain, Buffalo River Bulls Eye, Kaolin, Mill 
Creek, and Novaculite were selected to create look-a-like pairs based on 




students at the University of Memphis, or Kenneth Tankersley's appendix of chert 
look-a-likes in his study on paleoindian lithic resources in the Midwest (1989). 
Ultimately, the chert types used in this investigation formed five visually similar 
pairs, which are sorted by color and listed in Table 4.1. Visually similar pairs were 
used in order to help determine whether reflectance infrared microspectroscopy 
could indeed discern differences that the eye cannot. Samples were obtained 
from trusted sources, such as members of the thesis committee, University of 
Memphis faculty, other graduate or PhD students in the Department of Earth 
Sciences, or other sources found through members of the thesis committee.   
 
Table 4.1 Look-a-like chert pairs 
Chert Color Chert Types 
Red Red Horse Creek 
Black Mountain 
  






Light Gray Mill Creek 
Ohio Flint Ridge 
  
Dark Gray Buffalo River Bulls Eye 
Kaolin 
 
In addition to the ten types of chert, reference transmission and 
reflectance IR spectra of several minerals likely to occur in chert in minor 
amounts were also acquired. Minerals analyzed include brucite, calcite, dolomite, 
goethite, hematite, illite, kaolinite, limonite, manganite, montmorillonite, pyrite, 
quartz, and rutile, and their raw and background corrected reflectance and 




KBr pellet for illite failed, so only reflectance data are reported.) Gold, corundum, 
and Silly Putty® were also analyzed in reflectance mode by the infrared 
spectrometer as they played important roles in the preparation and analysis of 
samples; however, only Silly Putty® data are contained in Appendix B. These 
reference mineral spectra were used for band identification and comparison in 
the chert IR spectra.  
X-ray Diffraction 
Each chert was first analyzed by X-ray diffraction (XRD) on a Bruker AXS 
D8 instrument located in the Department of Physics at the University of Memphis. 
XRD data were used to evaluate whether there were different quartz polymorphs 
present in each chert type, as well as what trace mineral components were 
present. The Bruker AXS D8 instrument has the capabilities to scan powdered 
samples, as well as small chips that do not exceed the depth of the sample 
holder. Both powdered samples and small chips of each chert were scanned. 
Samples for powder XRD analysis were broken into small pieces using a steel 
mortar and pestle and finely ground using a corundum mortar and pestle. Small 
chips were held in place and oriented with a flat surface parallel to the ceiling 
using a small piece of modeling clay. Each sample was scanned from 10 to 73 
2Θ at a scanspeed of 0.2 seconds per step and an increment of 0.04. Minerals 
were matched to each resulting spectrum using the mineral database in the EVA 
software. Results from both powder and chip XRD analyses are listed in Table 






Thin sections of each chert type were initially cut using equipment 
belonging to the University of Memphis‟ Department of Earth Science. The rough 
cuts were then sent to Texas Petrographic Services, Incorporated to be mounted 
and polished. Ultimately, analyses of the thin sections were done using a 
polarized light microscope in the University of Memphis‟ Department of Earth 
Science. Grain shape, size, and color, texture, fossil content, percent iron oxides, 
and pleochroism were assessed for each chert type. Descriptions are located in 
Chapter 5 beginning on page 57, and pictures of each chert type are located in 
Appendix A. 
Energy Dispersive X-ray Analysis 
Energy dispersive X-ray analysis (EDS) analyses were performed on three 
types of chert (Black Ft. Payne, Dover, and Red Horse Creek) to determine what 
trace elemental components were present. These analyses were conducted on 
the Philips XL 30 Environmental Scanning Electron Microscope of the University 
of Memphis‟s Center for Microscopy. The Black Ft. Payne and Dover EDS data 
were collected by Dr. George Swihart. Red Horse Creek EDS data was collected 
and analyzed by Krista Bearden, a student in Dr. David Lumsden‟s (of the Earth 
Science Department at the University of Memphis) scanning electron microscope 
class during the summer of 2009. Elemental results from the EDS analyses are 







Finally, each chert was analyzed by both transmission and reflectance IR 
spectroscopy using a Bio-Rad Digilab FTS-40 FTIR spectrometer equipped with 
a liquid nitrogen-cooled MCT detector, an UMA 300A microscope, and Win-IR 
software. Before analyzing any samples, the infrared spectrometer was always 
allowed about 45 minutes to warm up. It should be noted that the room in which 
the Bio-Rad Digilab FTS-40 FTIR spectrometer is housed at the University of 
Memphis is always very humid. While the only part of the instrument not purged 
of CO2 and H2O is the small pathway between the infrared objective and the 
sample surface, the excess humidity could negatively affect reproduction of 
results on different days as humidity changes. When using the instrument, as 
much data should be collected in a single day so that results are less affected by 
changes in humidity.   
Transmission Infrared Spectroscopy 
Potassium bromide (KBr) was used as the background standard for 
transmission infrared work. Prior to scanning chert or mineral samples in 
transmission mode, a pellet of clean KBr was scanned. Pellets of chert and 
mineral samples were created following the example of Dr. Ying Sing Li, infrared 
expert in the Department of Chemistry at the University of Memphis. Pellets 
contained 0.088 g of finely powdered KBr and 0.003 g of either a single type of 
chert or a single reference mineral. Chert and mineral specimens were ground 
into fine powders using a corundum mortar and pestle. Potassium bromide was 




of either chert and KBr or a single mineral and KBr were briefly mixed in an agate 
mortar and pestle. The mixture was then transferred to a large nut with a bolt in 
one end. The nut and bolt were tapped on the desk for about 30 seconds to 
settle the mixture. A second bolt was added to the other end of the nut and 
screwed in until finger tight. While held in a vice, the bolts were tightened in turn 
with a wrench and left to sit for about five minutes. Both bolts were then 
cautiously removed to yield a KBr pellet. Nyquist and Kagel (1971) cautioned 
against the use of the KBr pellet technique in obtaining inorganic infrared 
information because of possible cation exchange and changes in crystalline form. 
In this instance, their concerns were disregarded as silica is stable and 
nonreactive. Other geochemical methods were used to study quartz polymorphs 
present, so while changes in crystalline form may have occurred, transmission 
data was only used to investigate trace chemicals and not the crystalline form of 
quartz. 
Reflectance Infrared Microspectroscopy 
After warming up the instrument and adding liquid nitrogen to the detector, 
a gold standard was used to align the infrared spectrometer in preparation of 
reflectance work and as a background for reflectance spectra. Samples used in 
obtaining reflectance infrared data required little to no preparation. Occasionally, 
a sample would have to be broken before analysis if it was too large (thicker than 
~3 cm). After setting the sample on the microscope stage and orienting the 
sample perpendicular to the infrared beam (which sometimes required the use of 




under the microscope. A test was run using Mill Creek Chert to determine the 
appropriate resolution and number of scans to use. Increasing the number of 
scans above 64 did not significantly improve resolution, but did increase the 
amount of time required to collect data. Changing the resolution to 8 cm-1 
resulted in increased intensity at the loss of some spectral features. Changing 
the resolution to 1 or 2 cm-1 decreased intensity while increasing the level of 
noise. Therefore, each reflectance spectrum was obtained at a 4 cm-1 resolution 
with 64 scans. In the region of the spectra where the strongest silica bands 
appear, the Bio-Rad Digilab FTS-40 FTIR spectrometer has a signal to noise 
ratio of 51, which was calculated after methods described by Smith (1996) using 
a silica band located at 8.25 microns and noise at 7.43 microns from a randomly 
selected Red Horse Creek chert spectrum. Two samples of each type of chert 
were analyzed. During each analysis, five scans were collected on the same spot 
of the sample. Nine additional scans were then collected from nine different 
locations on the sample. This method resulted in a total of 28 spectra for each 
chert type. Varying numbers of spectra were collected for reference minerals as 
some minerals reflected more strongly than others and because of the 
homogenous nature of the reference minerals. Raw and background corrected 
data for all chert types and reference minerals, as well as background spectra 
data are located in Appendix B. No raw transmission infrared data exists as Win-
IR asks the user to select a background spectrum prior to analysis. This is so the 




Intrasample variation was tested with a correlation analysis and a ratio 
analysis. The ten different sections of the spot average for each sample were 
correlated with their corresponding sample average. Ratios for the spot average 
were then compared with ratios for the sample average. The goal of the 
intrasample variation analyses was to assess whether there was significant 
differences between the spot averages and the sample averages. Major 
differences would hamper sourcing studies. Details concerning how these 
statistical analyses were performed are presented below in the Statistical 
Analysis section. 
Spectral Analysis 
GRAMS software was used to interpret the contributions of the chemical 
differences to the reflectance IR spectra and to manipulate each spectrum. 
Reflectance and transmission data had to be background corrected in GRAMS 
with the appropriate background collected on the same day as the data. Once in 
reflectance mode, the five spectra collected on the same spot were averaged 
together using the 'spectral math' function. (Spectral math in GRAMS allows the 
user to mathematically manipulate a spectrum in respect to a constant or in 
respect to another spectrum.) The resulting average (which will be referred to as 
the spot average) was then averaged with the remaining nine spectra collected 
on each sample to create a sample average. This process resulted in two sample 
averages for each chert type. For reference minerals, all ten spectra were 




Aside from providing means to obtain sample averages, collecting multiple 
reflectance spectra also allows the user to more clearly identify peaks. Noise 
occurs randomly in a spectrum and will change with each run. If one displays 
several spectra in the GRAMS overlay mode, the user can easily discern 
between peaks (areas where the spectra match) and noise (areas where the 
spectra are different). Figure 4.11 demonstrates the difference between spectral 
noise and peaks. Sample averages were used to distinguish between spectral 
noise and tiny peaks as averaging data cancels out noise and increases the 
intensity of peaks.   
After being averaged in GRAMS, the sample average of the quartz 
reference mineral was subtracted from each chert sample average with the goal 
of revealing hidden mineral peaks beneath the overwhelming quartz bands. In 
spectral subtraction mode, a specific area of the spectrum can be designated 
that GRAMS then uses to calculate the best subtraction factor to use for the 
entire spectrum. The subtraction factor is the number selected by GRAMS to 
multiply the averaged quartz spectrum by before subtracting it from the chert 
spectra. The area from 7.344 to 16.004 microns was selected because all of the 
major quartz bands occur in this range. The resulting spectra were compared to 
the reference mineral spectra, as well as each other. 
The second derivative was taken of each reflectance and transmission 
spectrum after quartz had been subtracted out. The gap method was used to 
obtain each second derivative with a gap value of 0.04275 microns. Gap values 
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Figure 4.11 Spectral noise versus peaks. The way in which the spectra overlap each other at 5.93 microns indicates the 
presence of a peak. The random orientation of the four spectra at 5.88 microns is an indication of noise.







Downward pointing peaks in the second derivative of reflectance IR data and 
upward pointing peaks in the second derivative of transmission IR data indicate 
each spectrum‟s bands (Smith, 1996). This knowledge was used to discern all 
bands within each spectrum, even those that had to be deconvoluted in order to 
be seen in the original chert spectra. Comparing reference mineral second 
derivatives and chert minus quartz second derivatives proved to be the easiest 
method for identifying trace minerals in each type of chert in reflectance infrared 
data. Table 5.6 on page 75 lists all trace minerals identified in each chert type. 
Also located in Appendix A and referred to in Chapter 5 are several figures of 
spectra displaying identified trace minerals and spectral manipulations.   
Statistical Analysis 
A correlation analysis of sample averages was performed using the 
Pearson product moment correlation coefficient. Correlation of an entire 
spectrum‟s list of Y-values to another spectrum‟s Y-values yielded very high 
correlation coefficients. The large quartz peaks overshadowed smaller 
differences that were visible to the naked eye. To obtain results that more 
accurately reflected the smaller differences between spectra, the Y-values were 
broken down into ten sections by wavelength, shown in Figure 4.12. Although 
gases should not appear in reflectance mode, the carbon dioxide doublet can 
sometimes be seen because of differences between the background scan and 
the scan of the chert. The carbon dioxide doublet is not consistent from one scan 




4.2-4.4 microns was left out of the correlation analyses. Results are listed in 
Table 5.8.   
Six predominant peaks and five predominant valleys were identified in the 
majority of the reflectance IR spectra collected, and are labeled in Figure 4.13.  
The Y-values of these peaks and valleys were identified in the exported 
ASCII_XY files of each spectrum collected, as well as the spot averages and 
sample averages of each type of chert.  Several different ratios (peak to peak 
and peak to valley) were examined and used to create a statistical profile for 
each chert type.  One specific ratio, called the splitting factor was selected based 
on work by Surovell and Stiner (2001), who used this ratio to determine bone 
mineral crystallinity from infrared data.  This specific ratio involves adding 
together the Y-values of two adjacent peaks and dividing the Y-value of the 
trough in between them.  Peaks 4 and 5 and valley 4 worked very well for this 
particular ratio in this study.  The ratio analyses for look-a-like pairs are 
presented in Table 5.9 located on page 89 of Chapter 5.  
Summary 
X-ray diffraction, petrographic analysis, energy dispersive X-ray analysis, 
and transmission IR spectroscopy were used to identify the minor chemical 
differences in ten types of chert.  Specifically, XRD was used to distinguish 
between different quartz phases in addition to identifying mineral contaminants.  
Petrographic data was analyzed for trace minerals, as well as other 
characteristics such as fossil content, texture, interference colors, and 
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elements, was compared to other data to see if the elemental and trace mineral 
data agreed.  In GRAMS, transmission and reflectance infrared data could be 
displayed stacked on top of each other so that transmission peaks pointed 
directly down at their reflectance counterparts either in the original spectra, or the 
second derivative spectra.  Averaging reflectance infrared data reduces spectral 
noise and increases the intensity of trace mineral peaks.  Correlation using the 
Pearson product moment correlation coefficient and ratio analysis of several 
peaks and valleys common to all chert spectra were used to produce a statistical 
profile for each chert type.  While spectral manipulations and statistical analyses 
took a lengthy amount of time for the purposes of this study, future analyses 
following a set procedure will go much quicker, thereby maintaining the cost 





5. RESULTS AND DISCUSSION 
Introduction 
Minor mineralogical and textural differences between each chert were 
identified using X-ray diffraction (XRD), petrographic analysis and transmission 
IR spectroscopy. Energy dispersive X-ray (EDS) data of three chert types 
obtained from trusted sources revealed corresponding elemental data to support 
these findings. Spectral manipulations resulted in the identification of trace 
minerals in chert infrared spectra collected in transmission and reflectance mode. 
Statistical analyses of the chert reflectance spectra appear to allow discrimination 
between look-a-like chert types. Tables containing data obtained from each of 
these methods as well as illustrative figures are displayed below. 
X-ray Diffraction 
Table 5.1 lists minerals and their percentages found within the ten chert 
types according to whether they were analyzed as a powder or a chip. Some of 
the percentages listed in Table 5.1 add up to 100+%, however, XRD data can 
only be trusted to within 10% and must be considered qualitative. The presence 
of corundum in all powder XRD spectra is explained by the use of a corundum 
mortar and pestle to grind samples for powder analysis. XRD results show that 
all chert types present contained low quartz. However, no moganite or other 
quartz polymorph was identified in any of the spectra examined. Chip analysis 
data proved very useful when interpreting reflectance infrared data. Generally, 
the small chip XRD data were more useful than powder XRD data in the 




reflectance infrared data are both spot analyses as opposed to bulk analyses. 
Trace minerals identified in XRD were sought after first when finding trace 
minerals using infrared techniques. XRD spectra of a powdered and solid sample 
are displayed in Figures 5.1 and 5.2 respectively. 
Petrographic Analysis 
 A thin section of one of the samples for each type of chert was made and 
analyzed. Pictures were taken of each chert type and are included with their 
respective descriptions below. Figures of each thin section are located in 
Appendix A and listed as Figures 5.3-5.12. 
Black Ft. Payne 
 Black Ft. Payne chert is black macroscopically, but brown, tan and gray in 
thin section. Several calcite rhombohedra could be seen in thin section. Quartz 
grain size is about 0.3 mm. Also, the quartz grains appear aligned and not 
randomly oriented. One large, fibrous inclusion was noted. 
Black Mountain 
 This deep red chert is red, clear and tan in thin section. Black Mountain 
chert contains 5% poorly translucent minerals and has a grain size of about 0.03 
mm. One quartz grain was rimmed with a mineral that appears green in thin 
section. No fossils could be seen. 
Buffalo River Bulls Eye 
 Macroscopically, Buffalo River Bulls Eye chert is deep gray with reddish 




Table 5.1 X-ray diffraction analysis results 
Chert type Minerals observed 




in chip analysis 
Percentages 
(%) 
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Kaolin Low Quartz 
Corundum 
Hematite 
  96.57% 
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Ohio Flint Ridge Low Quartz 
Corundum 
 99.09% 







     






























and black, and has a quartz grain size of 0.03-0.1 mm. No fossils were noted in 
thin section. Buffalo River Bulls Eye chert contains about 15% poorly translucent 
minerals. Some iron oxides present in thin section had 90° angles. A phlogopite 
grain was noted, as well as one very large (0.6 mm) quartz grain. Some of the 
grains were pleochroic, and a halo was noted. 
Burlington 
 White to very pale gray macroscopically, Burlington chert becomes tan 
and gray in thin section. Burlington chert exhibits a very angular texture (similar 
to breccia), and contains fossil fragments (including shells and possibly spicules). 
Only about 3% poorly translucent minerals are present in this pale chert. Quartz 
grains were difficult to distinguish from each other, though grains seemed larger 
than 0.1 mm. 
Dover 
 Deep gray to black macroscopically, Dover chert contains around 30% 
poorly translucent minerals.  Some of the darker grains have a rhombohedral 
shape. Thin section therefore confirms the presence of calcite and dolomite. Very 
few fossil fragments (which were all shells) were present. Dover chert has a 
spherulitic texture, and several features that look like perforated disks were 
noted. Quartz grain size was generally 0.02-0.05 mm, and microscopic colors 







 Kaolin chert, which is brown and tan microscopically, contains fossilized 
shell fragments and about 5% poorly translucent minerals.  The few poorly 
translucent grains, however, were very large. On average, quartz grain size was 
about 0.5 mm. Large, clear grains in plane polarized light had a very grainy 
texture, though. A few grains had pleochroic haloes.  
Mill Creek 
 Mill Creek chert has a very distinct texture in thin section: swirly darker 
colors mixed with angular lighter colors. In thin section, Mill Creek chert is brown 
and tan. Many fossils were present, including one particularly large fossil that 
could be a crinoid stem fragment, a rugose coral, or a bryozoan. Only 5% poorly 
translucent minerals were present. The poorly translucent minerals seemed to be 
concentrated in certain portions of the thin section. Use of the analyzer revealed 
a microcrystalline grain size.  Calcite and/or dolomite rhombohedrals were noted.  
Arkansas Novaculite 
 Arkansas Novaculite is so fine grained and so pale that it is very difficult to 
discern grain size in thin section. Almost no trace minerals were present. Less 
than 3% poorly translucent minerals were noted. Grains that were not quartz are 
about 0.05 mm in size and have orange interference colors. 
Ohio Flint Ridge 
 The most notable characteristic of Ohio Flint Ridge in thin section is a 




fractures are actually microscopic veins filled with poorly translucent minerals. 
The fractures were probably created during a period of deformation. Ohio Flint 
Ridge is very fine grained (though not as fine as the novaculite). A few large 
quartz grains look like microscopic geodes in that the grains along the inside 
edge of the vugs are much smaller than the fatter grains in the middle. 
Interference colors include purples and blues rimmed in reds and oranges. 
Red Horse Creek 
 The dark color of Red Horse Creek chert makes it difficult to analyze in 
thin section. About 20% poorly translucent minerals were noted. Quartz grain 
size could not be determined, and other than poorly translucent minerals, no non-
quartz grains were noted. 
Energy Dispersive X-ray Analysis 
 Energy dispersive X-ray data reinforce XRD and infrared data. Table 5.2 
lists the three chert types analyzed with this method and the elements discovered 
within them. Of course, silicon and oxygen are the two elements with the highest 
concentrations. The presence of calcium is also readily explained as chert 
frequently occurs with calcite. Clay minerals (such as montmorillonite) probably 
cause the occurrence of aluminum and potassium.  Although XRD data did not 
show any potassium bearing minerals in the Dover chert, montmorillonite was 
present. Potassium has chemical properties similar to sodium, so perhaps much 
of the sodium in the montmorillonite has been replaced by potassium. Iron is 
caused by the presence of minerals such as hematite and goethite.  Organic 




(1992), which would explain the presence of carbon. Unfortunately, infrared data 
were not specifically analyzed for the presence of organic matter. A C-H peak 
located around 3.43 microns was noted in a few reflectance IR spectra, which 
accentuates the need for future studies focused on analyzing the chert spectra 
from this study for their organic content. 
 
Table 5.2 Energy Dispersive X-ray analysis results. Black Ft. Payne and Dover 
data from Dr. George H. Swihart. Red Horse Creek data from Ms. Krista 
Bearden. 
Chert type Elements present 
(listed in order of 
descending quantity) 
Black Ft. Payne Silicon, Oxygen, Calcium, 
Aluminum, Carbon 
Dover Silicon, Oxygen, Aluminum, 
Carbon, Potassium, Calcium, 
Iron 
  
Red Horse Creek Silicon, Oxygen, Iron, Carbon 
 
Infrared Spectroscopy Analysis 
When infrared radiation is directed at a sample, chemical bonds within the 
sample will absorb some of the radiation. Regardless of the rest of the structure, 
the same bond between the same two atoms will always absorb radiation at the 
same wavelength, although differing chemical environments can cause a slight 
shift to the wavelengths at which infrared radiation is absorbed. Also, differences 
in the arrangement of atoms within a molecule affect the wavelength at which 
infrared radiation is absorbed. This is why materials such as calcite and 
aragonite, which have the same chemical composition, have different infrared 
spectra. Molecular bonds undergo several types of vibration, including stretching, 




infrared radiation. For example, bands reflecting stretching motions typically 
appear in the lower micron values while bending motions can be seen in higher 
micron values along the x-axis. 
Intrasample Variation 
Intrasample variation proved almost negligible for all chert types analyzed 
in this study, which can be seen in the very high Pearson product moment 
correlation coefficients listed in Table 5.3. Excluding section 10, almost all values 
are at 0.90 or above. The one low value in section 2 for Black Ft. Payne sample 
02 probably resulted from the spot analysis falling on a particularly calcite- or 
dolomite-rich portion of the sample as the largest calcite and dolomite bands 
occur within section 2. The low values for Buffalo River Bulls Eye sample 02, 
Burlington sample 02 and Arkansas Novaculite sample 01 in section 1 are 
inexplicable as a comparison of the standard deviations of the five spot and ten 
sample spectra shows that the standard deviation of the five spot spectra is 
always less than that of the ten sample spectra. The standard deviations of the 
spot spectra are higher than those of the sample spectra for Arkansas Novaculite 
sample 02 and Red Horse Creek sample 02. Operator error or other factors not 
specifically related to the chert could have resulted in the low values for those 
two samples.  
Results from an intrasample ratio analysis (whose results are listed in 
Table 5.4 in Appendix A) reinforce the correlation results. Many spot and sample 




Table 5.3 Intrasample Correlation Analysis. BFP = Black Ft. Payne; BM = Black Mountain; BBE = Buffalo River Bulls Eye; 

































BFP01 Spot Average:  
BFP01 Sample Average 
0.9721 0.9678 0.9998 0.9937 0.9987 0.9996 0.9970 0.9969 0.9992 -0.3781 
BFP02 Spot Average:  
BFP02 Sample Average 
0.9903 0.8950 1.0000 0.9987 0.9999 0.9994 0.9999 0.9935 0.9997 0.4949 
           
BM01 Spot Average:  
BM01 Sample Average 
0.9206 0.9967 0.9999 0.9702 0.9958 1.0000 0.9969 0.9990 0.9998 0.6073 
BM02 Spot Average:  
BM02 Sample Average 
0.9794 0.9868 1.0000 0.9898 0.9978 0.9999 0.9972 0.9966 0.9999 0.8854 
           
BBE01 Spot Average:  
BBE01 Sample 
Average 
0.9214 0.9974 0.9997 0.9851 0.9981 1.0000 0.9994 0.9986 0.9989 -0.3914 
BBE02 Spot Average:  
BBE02 Sample 
Average 
0.6110 0.9984 1.0000 0.9991 0.9980 0.9997 0.9926 0.9905 0.9982 -0.5709 
           
BU01 Spot Average:  
BU01 Sample Average 
0.9829 0.9930 1.0000 0.9946 0.9996 1.0000 0.9999 0.9997 0.9999 0.9676 
BU02 Spot Average:  
BU02 Sample Average 
0.8856 0.9938 0.9997 0.9539 0.9983 1.0000 0.9994 0.9962 0.9992 0.0907 
           
DO01 Spot Average: 
DO01 Sample Average 
0.9681 0.9743 0.9995 0.9993 0.9998 0.9999 0.9990 0.9989 0.9997 -0.1135 
DO02 Spot Average: 
DO02 Sample Average 







Table 5.3 Intrasample Correlation Analysis (continued).  DO = Dover; KC = Kaolin; MC = Mill Creek; NV = Arkansas 

































KC01 Spot Average:  
KC01 Sample Average 
0.9949 0.9995 1.0000 0.9988 1.0000 0.9999 0.9993 0.9998 0.9999 0.9750 
KC02 Spot Average:  
KC02 Sample Average 
0.9941 0.9976 1.0000 0.9968 0.9998 0.9999 0.9988 0.9993 0.9998 0.9253 
           
MC01 Spot Average:  
MC01 Sample Average 
0.9221 0.9927 1.0000 0.9994 0.9999 0.9999 0.9998 0.9988 0.9989 0.7115 
MC02 Spot Average:  
MC02 Sample Average 
0.9868 0.9901 0.9998 0.9986 0.9998 1.0000 0.9967 0.9932 0.9964 0.7622 
           
NV01 Spot Average:  
NV01 Sample Average 
0.7108 0.9984 0.9999 0.9973 0.9987 0.9994 0.9973 0.9901 0.9988 0.7759 
NV02 Spot Average:  
NV02 Sample Average 
0.8940 0.9993 1.0000 0.9993 0.9991 0.9997 0.9993 0.9926 0.9972 0.8735 
           
OFR01 Spot Average:  
OFR01 Sample 
Average 
0.9629 0.9976 1.0000 0.9943 0.9986 1.0000 0.9951 0.9990 0.9997 0.3296 
OFR02 Spot Average:  
OFR02 Sample 
Average 
0.9260 0.9992 1.0000 0.9992 0.9997 0.9997 0.9980 0.9879 0.9988 0.7651 
           
RHC01 Spot Average:  
RHC01 Sample 
Average 
0.9859 0.9981 1.0000 0.9980 0.9999 0.9999 1.0000 0.9983 0.9999 0.4357 
RHC02 Spot Average:  
RHC02 Sample 
Average 




not seem very close have larger standard deviations that allow for overlap. More 
samples of each chert type should be further analyzed in the future to ensure that 
the small amount of intrasample variation does not simply apply to the samples 
analyzed in this study. 
Spectral Analysis 
Small spectral differences can be seen within the reflectance spectra of 
each chert type, especially in the region between 8.105 and 8.6244 microns 
(section 4 of the correlation analysis; refer back to Figure 4.12 on page 53). 
These differences are summarized below. The total number of spectra for each 
chert type described below is 20 (one spot average plus nine additional spectra 
scanned on nine different spots times two samples). Reflectance infrared spectra 
of thirteen reference minerals and Silly Putty® (Figures 5.13-5.26) as well as 
each chert type described below (Figures 5.27-5.36) are listed in Appendix A for 
reference. Also, Figures 5.37-5.46 display the transmission infrared spectra of 
the ten chert types. Table 5.5 lists the peak locations for the thirteen reference 
minerals analyzed using RIRMS. Silly Putty® infrared peaks are also listed in 
Table 5.5.  
After subtracting out quartz, clear differences could be seen in the 
resulting transmission and reflectance spectra for each chert type. Figures 5.47 
and 5.48 are transmission and reflectance infrared spectra of Red Horse Creek 
chert overlain with quartz. Figures 5.49-5.58 in Appendix A show stacked 
transmission and reflectance spectra of each chert type after quartz has been 




of the peaks that the user is trying to remove. In this case, some of the remaining 
bands after subtraction are still quartz. Spectral differences and small trace  
Table 5.5 Trace mineral infrared peak locations 
Reference 
mineral 
Reflectance infrared peak locations  
(µm) 
Brucite 14.519 
Calcite 6.6676, 11.342, 14.048 
Dolomite 6.571, 11.245, 13.746 








Quartz 8.4916, 9.0472, 12.513, 12.803, 14.482 
Rutile 9.8807, 14.168 
Silly Putty® 
6.4864, 9.1922, 9.8565, 11.49, 12.55, 
14.156 
 
mineral peaks can be seen, though. Examining the transmission spectra once 
quartz had been subtracted out proved especially helpful for identifying clay 
minerals in each chert type. Kaolinite and montmorillonite both have peaks at 
about 9.5 microns in reflectance mode, so it is difficult to discern one from the 
other. In transmission mode, however, clay O-H stretching bands can be seen at 
the far left edge of the spectrum. In kaolinite, this band occurs at 2.76 microns. In 
illite, the band shifts to 2.80 microns (Bantignies et al., 1997). The band occurs at 
2.91 microns in montmorillonite. Though helpful for identifying clay minerals, not 
all trace minerals later observed in reflectance mode could be observed in the 
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had been subtracted out, and trace minerals could still not readily be seen in the 
reflectance spectra. 
 After subtracting quartz, the second derivative was taken of all 
transmission and reflectance infrared chert spectra. In a second derivative, each 
band has three associated peaks. In transmission mode, the central peak points 
upward and the two flanking peaks point down. These features face the opposite 
direction in reflectance mode. The central peak‟s x location is the same as the 
true band. After averaging the data, subtracting quartz and taking the second 
derivative, trace mineral peaks could be seen and identified in the chert 
reflectance spectra by comparing the chert and reference mineral spectra. The 
minerals identified using XRD were sought first, but each reflectance spectrum 
was also examined for additional trace minerals. To see trace mineral peaks, 
several spectra often had to be overlain to discern between peaks and noise and 
the x-axis zoomed in on. Figure 5.59 displays such an instance. Also, it is not 
always possible to see all of a trace mineral‟s peaks in the reflectance spectrum. 
Sometimes only the largest of a trace mineral‟s peaks can be discerned since the 
mineral is present in such small quantities. This is unfortunate as it would be 
much more convincing if all of a trace mineral‟s peaks could be identified. Table 
5.6 lists the trace minerals observed in each chert type. Figures 5.60-5.69 in 
Appendix A display second derivatives after the subtraction of quartz of one 
sample average of each chert type in reflectance mode with the locations of trace 
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descriptions below refer to a second derivative, they are referring to the second 
derivative that had quartz subtracted out first. 
 Black Ft. Payne. Of the two peaks in section 4 in the reflectance 
spectrum, Black Ft. Payne exhibited both peaks in all spectra obtained. Usually, 
the right of these two peaks has a stronger intensity. Also, the two peaks 
between 12.308 and 13.419 microns (section 7) have a smaller ratio than all 
other chert types investigated except for Red Horse Creek. Finally, Black Ft. 
Payne almost always displays strong calcite bands between 6 and 7.5 microns.  
In transmission mode with quartz subtracted out, all three calcite peaks can be 
seen. However, the goethite peak at 11.21 is overlain by calcite peaks, and the 
goethite peak at 12.58 is overlain by residual quartz peaks. The presence of 
kaolinite is confirmed by the presence of a small peak at 2.76 microns in 
reflectance mode. In transmission mode, however, it appears as though 
montmorillonite is present instead of kaolinite. The hematite peak at around 
15.33 microns could not be seen in transmission mode with quartz subtracted 
out, but could be seen in reflectance mode in the second derivative. All calcite 
peaks and one weak goethite peak could also be seen in the second derivative.  
Black Mountain. For Black Mountain chert, the left peak of the two 
occurring between 8.105 and 8.6244 microns can always be seen and the right 
peak was seen only three times. The two peaks located in section 7 of Black 
Mountain sample 01 have a noticeably larger P5:P4 (refer back to Figure 4.13 on 
page 54). Once quartz had been subtracted out, the strongest dolomite peak 




reveals the presence of illite. In the second derivative in reflectance mode, the 
strongest bands of both dolomite and calcite can be seen.  
Buffalo River Bulls Eye. In Buffalo River Bulls Eye original reflectance 
spectra, the right peak in section 4 was most prominent. The left peak only 
occurred once. The transmission spectrum with quartz subtracted out shows a 
peak at 2.76, which matches up with kaolinite. Calcite and dolomite peaks 
between both 6-7 and 11-12 microns can be seen in the reflectance second 
derivative. 
 
Table 5.6 Infrared trace mineral identification 
Chert type Minerals observed in transmission Minerals observed in reflectance 
infrared spectra 
Black Ft. Payne  
Quartz, calcite, dolomite, 
montmorillonite 
Quartz, calcite, dolomite, goethite, 
hematite, kaolinite 
Black Mountain  Quartz, illite Quartz, calcite, dolomite, illite 
Buffalo River 
Bulls Eye 
Quartz, kaolinite Quartz, calcite, dolomite, kaolinite 
Burlington Quartz, kaolinite Quartz, calcite, dolomite, kaolinite 
Dover Quartz, dolomite, montmorillonite 
Quartz, calcite, dolomite, 
montmorillonite 
Kaolin Quartz, kaolinite 
Quartz, calcite, dolomite, hematite, 
kaolinite 
Mill Creek Quartz, calcite, kaolinite Quartz, calcite, dolomite, kaolinite 
Arkansas 
Novaculite 
Quartz Quartz, calcite, dolomite 
Ohio Flint Ridge Quartz, montmorillonite 





Quartz, calcite, dolomite, goethite, 
hematite, illite 
 
Burlington. Burlington chert is not as easily described as some of the 
other chert types. About half of the spectra contained both peaks in section 4 and 
half only contained the left peak. When only the left peak was present, it was 
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spectra are very noisy. This probably is not quite as apparent in the statistical 
analyses as the situation with Buffalo River Bulls Eye chert because Burlington‟s 
look-a-like pair is novaculite, which has a reflectance spectrum unlike any other 
chert investigated in this study. After subtracting out quartz, the transmission 
spectrum shows a kaolinite peak at 2.76. Only the strongest calcite and dolomite 
peaks between 6-7 microns can be seen in the second derivative of the 
reflectance spectrum.  
Dover. Dover chert always displays the right of the two peaks in section 4 
in its reflectance spectra. The left peak only occurred twice. Also, Dover 
reflectance spectra frequently have what are presumably large water bands 
between 3.5 and 5 microns. Dolomite is readily recognizable in transmission 
mode once quartz has been subtracted out. Calcite, while present, is less 
obvious. The peak at 2.91 microns suggests the presence of montmorillonite. As 
with Burlington chert, only the strongest calcite and dolomite peaks can be seen 
in the reflectance second derivative.  
Kaolin. In Kaolin reflectance spectra, the right peak is also the most 
prominent in section 4. The left peak only occurred twice, and both occurrences 
were in sample 02. The presence of kaolinite is confirmed by the presence of a 
peak at 2.76 microns that can only be seen in transmission mode once quartz 
has been subtracted out. Calcite and dolomite peaks between 6-7 microns can 
be identified in the reflectance spectrum after taking the second derivative. Also, 




Mill Creek. Mill Creek reflectance spectra look similar to Burlington 
spectra: the left peak is almost always the more dominant of the two peaks 
located in section 4. Although the right peak of section 4 could be seen seven 
times, in five out of those seven cases, the left peak had a stronger intensity. 
Transmission mode reveals the presence of kaolinite when quartz is subtracted 
out. Also, the strongest calcite and dolomite peaks can be seen in the second 
derivative in reflectance mode.  
Arkansas Novaculite. Arkansas Novaculite is the most difficult chert type 
to describe as its reflectance spectra look nothing like any of the other chert 
reflectance spectra obtained during this study. The left peak in section 4 of the 
reflectance spectra had an intensity that at times rivaled and even exceeded the 
intensity of the band at about 9.3 microns. Peak 2 sometimes occurred to the left 
of valley 2 and sometimes to the right. Also, Arkansas Novaculite exhibits the 
highest P5:P4. Although Arkansas Novaculite has fewer trace minerals than the 
other chert types investigated here, its reflectance spectra looked less similar to 
pure quartz than the other chert types. In reflectance mode, the second 
derivative reveals calcite and dolomite peaks between 6-7 microns, as well as a 
calcite peak between 11-12 microns. 
Ohio Flint Ridge. In reflectance spectra of Ohio Flint Ridge chert, the left 
peak in section 4 has a stronger intensity than the right peak. In fact, the right 
peak is only seen three times. A montmorillonite peak at 2.91 microns can be 
seen in transmission mode once quartz has been subtracted out. Strong calcite 




Red Horse Creek. Red Horse Creek reflectance spectra have both peaks 
present from section 4 about two thirds of the time. The other third of the time (8 
out of 20 spectra), only the left peak is present. In transmission mode, an illite 
peak can be seen at about 2.8 microns once quartz has been subtracted out. In 
the second derivative in reflectance mode, the strongest goethite peak overlaps 
with quartz. The smaller goethite peak can still be seen between 11-12 microns, 
though. Illite peaks can be discerned around 10 microns. Also, strong calcite and 
dolomite peaks are seen between 6-7 microns, as well as hematite peaks around 
15 microns.  
Statistical Analysis 
Correlation Analysis. A correlation analysis using the Pearson product 
moment correlation coefficient was performed on the background corrected chert 
sample averages prior to subtraction or derivation. The results of the correlation 
analysis, which are listed in Table 5.7, are very promising in terms of whether 
RIRMS can be used to discriminate between different chert types. As each of the 
ten types investigated in this study could readily be visually sorted into look-a-like 
pairs, only the pairs‟ Pearson coefficients were compared. Refer back to Figure 
4.12 on page 53 for a break down of the ten sections. 
Upon comparing Table 5.7 to Table 5.3 (which contains the intrasample 
correlation data), one will notice that not all values in Table 5.3 are greater than 
the values in Table 5.7. For chert sourcing to work, variation within a single 
sample must be less than variation between samples of different parentage. 




Novaculite is because of user error. For Mill Creek, Ohio Flint Ridge and Red 
Horse Creek chert, the numbers only differ 0.037 or less and only one of the two 
samples of each type mentioned has this problem in one of the ten sections. With 
the addition of more data in the future and careful efforts to ensure data quality, 
these differences will become negligible.  
Returning now to a discussion solely of look-a-like correlation, each pair‟s 
data were examined to see which sections displayed the greatest amount of inter 
sample variation. Appropriate sections for distinguishing between two chert look-
a-likes were determined by looking for sections where two samples of a single 
type of chert had a higher correlation coefficient than to either sample of its look-
a-like pair. The best section of the spectrum to use to tell Red Horse Creek chert 
from Black Mountain chert is the first section, followed by section 2. The best 
section of the spectrum to use to tell Black Ft. Payne chert from Dover chert is 
the second section. Section 4 is the best section to use to tell apart white 
Arkansas Novaculite from Burlington chert. Section 1 follows as the second best 
section to use.  Arkansas Novaculite does not correlate well with any of the other 
nine chert types investigated in this study, though. If it were not for a high 
correlation coefficient (0.9595) between Mill Creek sample 02 and Ohio Flint 
Ridge sample 02, section 1 would work well for telling apart Mill Creek chert and 
Ohio Flint Ridge chert. The light gray pair may be discernable using section4, but 
the correlation coefficients are large and similar. Another statistical method may 
be necessary to accurately distinguish between Mill Creek and Ohio Flint Ridge 




Buffalo River Bulls Eye chert and Kaolin chert; however, Buffalo River Bulls Eye 
sample 01correlates better with Kaolin chert than it correlates with itself (BBE 
sample 02). Sections 7, 8, and 9 may work, but the correlation coefficients are 
large and very similar. A different statistical method will have to be used to tell 
these two visually similar chert types apart. Overall, section 10 does not appear 
to have any significant statistical features, and so should be eliminated from 
future correlation analyses when using reflectance data. Sections 1, 3, 8, and 9 
appear to hold the most information for discerning between different types of 
chert. 
A correlation analysis was also done with transmission data, and the 
results are shown in Table 5.8. Overall, reflectance mode appears to better 
display differences between chert types in section 1; however, transmission 
mode appears to better display differences between chert types in section 10. 
The reasons behind these differences are unknown. Unfortunately, only one 
transmission scan was taken of each type of chert. Reasons for this include the 
lengthy amount of time that it takes to make a KBr pellet and the higher 
resolution of transmission mode. Also, transmission infrared analysis is a 
technique that analyzes the bulk sample; therefore there is not as much need for 
replication as with reflectance infrared analysis. At least one more scan of each 
chert should be done in transmission mode in the future to ensure precision of 
transmission infrared data. Transmission and reflectance look-a-like correlation 
data appear fairly consistent. The biggest exception is the white pair, which 




certain sections in one mode (section 5 in transmission and sections 1,2 and 4 in 
reflectance), but not the other. Regardless of these differences, the two chert 
types can still be distinguished using data collected in either mode. In terms of 
the dark gray pair, the transmission data are no better at distinguishing Buffalo 
River Bulls Eye chert from Kaolin chert, which means user error may have 
resulted in bad data. On the whole, though, the correlation analysis using 
reflectance data are just as accurate as the correlation analysis using 
transmission data. 
Ratio Analysis. The ratio analysis, whose results are listed in Table 5.9 
proved not quite as useful as the correlation analysis. Again, only look-a-like 
pairs are compared as a macroscopic analysis would immediately sort the chert 
into their look-a-like groups. Refer to Figure 4.13 on page 54 for the labeling of 
the six peaks and five valleys used in the analysis. Ratios that were significantly 
different and did not have standard deviations that would cause them to overlap 
were deemed the most useful in distinguishing between chert pairs. Ratio 
analysis worked better for some of the look-a-like pairs than others. For instance, 
it seems that the black and the white look-a-like pairs can be successfully 
distinguished based on ratio analysis, but the red and dark gray groups cannot, 
and the light gray group is questionable. For the ratio analysis to be useful, 
extreme care must be taken while collecting data to ensure that data does not 
have excess noise. Noise causes the standard deviations to be much larger, 
thereby making it more difficult to find appropriate ratios that do not overlap to 




of the Buffalo River Bulls Eye spectra and some of the Black Mountain spectra. A 
more careful collection of less noisy data would probably yield better results in 
both cases, especially in the case of Buffalo River Bulls Eye. As the Silly Putty® 
warmed up over long periods of use, it became softer and less viscous. Several 
times between scans, the sample had to be checked to see if the Silly Putty® was 
holding it firmly in place. The more out of focus the sample, the noisier the data. 
However, the collection and comparison of all 12 ratios may still be useful. If a 
chert under investigation falls within range of all 12 ratios, one could still be fairly 
certain that they had correctly identified that chert. This statement must be 
qualified, however, by noting that these ratios are only applicable to the samples 
analyzed in this study. More samples of these chert types must be analyzed to 
determine exactly how much variation exists in each type‟s ratios. 
Summary 
X-ray diffraction data helped in the identification of the specific phase of 
quartz present in each chert, as well as trace minerals. Data collected by thin 
section analysis revealed textures, colors, fossil content, and percent poorly 
translucent to opaque minerals specific to each chert type. EDS data were useful 
as they revealed elemental data consistent with molecular data discovered by 
other methods. Transmission infrared peaks were easily compared to peak 
locations in reflectance data. Also, although transmission infrared work requires 
destruction of the sample, it also has a higher resolution than reflectance data 
and therefore, some trace minerals were more easily identified first in 




Table 5.7 Look-a-like correlation analysis with reflectance infrared data.  BM = Black Mountain; RHC = Red Horse Creek; 












































    BM02 
0.9895 0.9930 1.0000 0.9786 0.9993 1.0000 0.9983 0.9987 0.9996 0.5587 
BM01: 
    RHC01 
0.7841 0.9492 1.0000 0.9626 0.9990 0.9998 0.9950 0.9985 0.9954 0.4333 
BM01: 
    RHC02 
0.8319 0.9354 1.0000 0.9453 0.9988 0.9998 0.9945 0.9987 0.9953 0.4612 
BM02: 
    RHC01 
0.8195 0.9332 1.0000 0.9950 0.9996 0.9998 0.9967 0.9995 0.9974 0.5880 
BM02: 
    RHC02 
0.8645 0.9191 1.0000 0.9902 0.9998 0.9998 0.9947 0.9996 0.9972 0.7655 
RHC01: 
    RHC02 
0.9875 0.9988 1.0000 0.9981 0.9997 1.0000 0.9995 0.9994 0.9998 0.7459 










    BFP02 
0.9684 0.9758 1.0000 0.9981 1.0000 0.9999 0.9992 0.9856 0.9925 -0.0954 
BFP01: 
    DO01 
0.9035 -0.0292 0.9994 0.9918 0.9998 0.9985 0.9976 0.9858 0.9997 -0.1173 
BFP01: 
    DO02 
0.9034 -0.1032 0.9999 0.9859 0.9992 0.9987 0.9957 0.9887 0.9998 -0.2208 
BFP02: 
    DO01 
0.8156 0.1280 0.9995 0.9930 0.9998 0.9984 0.9976 0.9858 0.9910 0.5890 
BFP02: 
    DO02 
0.8181 0.0656 0.9999 0.9918 0.9995 0.9987 0.9981 0.9861 0.9909 0.2779 
DO01: 
    DO02 






Table 5.7 (continued).  BU = Burlington; NV = Arkansas Novaculite; MC = Mill Creek; OFR = Ohio Flint Ridge; BBE = 













































    BU02 
0.9956 0.9969 0.9999 0.9843 0.9970 0.9998 0.9986 0.9967 0.9998 0.8889 
BU01: 
    NV01 
0.7809 0.9204 0.9997 0.5148 0.9653 0.9991 0.9665 0.9457 0.9763 -0.7570 
BU01: 
    NV02 
0.8367 0.9617 0.9995 0.5008 0.9929 0.9975 0.9312 0.9914 0.9878 -0.6825 
BU02: 
    NV01 
0.7928 0.9095 0.9999 0.6556 0.9821 0.9987 0.9703 0.9674 0.9748 -0.6439 
BU02: 
    NV02 
0.8590 0.9478 0.9992 0.6435 0.9974 0.9962 0.9229 0.9972 0.9870 -0.5374 
NV01: 
    NV02 
0.8836 0.9867 0.9991 0.9968 0.9862 0.9981 0.9674 0.9780 0.9938 0.6915 













    MC02 
0.9185 0.9893 1.0000 0.9989 0.9998 0.9999 0.9961 0.9995 0.9976 0.4296 
MC01: 
    OFR01 
0.7950 0.9889 0.9999 0.9878 0.9989 0.9998 0.9984 0.9917 0.9763 0.4821 
MC01: 
    OFR02 
0.8643 0.9865 0.9999 0.9907 0.9954 0.9999 0.9921 0.9928 0.9810 0.8121 
MC02: 
    OFR01 
0.8415 0.9983 0.9999 0.9809 0.9994 0.9997 0.9980 0.9906 0.9866 0.4625 
MC02: 
    OFR02 
0.9595 0.9989 0.9999 0.9858 0.9969 0.9998 0.9983 0.9919 0.9899 0.5731 
OFR01: 
    OFR02 























































    BBE02 
0.7634 0.9975 0.9998 0.9905 0.9981 1.0000 0.9992 0.9990 0.9992 -0.2661 
BBE01: 
    KC01 
0.8909 0.9903 0.9998 0.9989 0.9990 0.9998 0.9919 0.9933 0.9969 0.7295 
BBE01: 
    KC02 
0.8519 0.9929 0.9999 0.9991 0.9995 0.9998 0.9930 0.9906 0.9972 0.7745 
BBE02: 
    KC01 
0.5229 0.9962 0.9999 0.9847 0.9994 0.9998 0.9918 0.9931 0.9965 -0.6520 
BBE02: 
    KC02 
0.4511 0.9959 0.9999 0.9872 0.9993 0.9999 0.9915 0.9895 0.9969 -0.5166 
KC01: 
    KC02 




unmanipulated, background corrected chert reflectance infrared spectra revealed 
small differences (especially between 8.105 and 8.6244 microns), larger 
differences could more easily be seen once quartz was subtracted from each 
spectrum. By then taking the second derivative of the resulting spectra, trace 
minerals of the chert analyzed in this study could be identified. Correlation 
analysis using the Pearson product moment correlation coefficient appears to be 
effective in differentiating between macroscopically similar chert types as long as 
data are carefully collected and excess spectral noise is avoided. Ratio analysis, 
while not providing the discrimination seen in the correlation analysis, still 
provided interesting feedback on each chert type and should continue to be a 
part of chert analysis by RIRMS. Future studies are encouraged to utilize more 
rigorous statistical methods (such as ANOVA) in an effort to make statistical data 
more robust. Though it took some manipulation and statistical analysis, 
reflectance infrared data does provide useful information concerning trace 
minerals and warrants further investigation concerning the extent of its 




Table 5.8 Look-a-like correlation analysis with transmission infrared data. BM = Black Mountain; RHC = Red Horse Creek; 
BFP = Black Ft. Payne; DO = Dover; BU = Burlington; NV = Arkansas Novaculite; MC = Mill Creek; OFR = Ohio Flint 












































BM:RHC -0.1465 0.9990 0.9999 0.9999 0.9951 0.9973 0.9998 0.9988 0.9939 0.9910 
            
Black 
Pair 
BFP:DO 0.8417 0.9911 0.9974 0.9981 0.9849 0.9840 0.9970 0.8032 0.9631 0.9657 
            
White 
Pair 
BU:NV 0.4583 0.9971 0.9941 0.9988 0.6772 0.9696 0.9188 0.9908 0.9682 0.9439 




MC:OFR 0.8269 0.9968 0.9993 0.9956 0.9889 0.9937 0.9956 0.9685 0.9812 0.9455 








Table 5.9 Look-a-like ratio analysis. BM = Black Mountain; RHC = Red Horse Creek; BFP = Black Ft. Payne; DO = Dover; 
Spaces in the table labeled „N.A.‟ represent areas where data was unavailable because the chert type did not have a 








































































































































































































































Table 5.9 Look-a-like ratio analysis (continued).  BU = Burlington; NV = Arkansas Novaculite; MC = Mill Creek; OFR = 
Ohio Flint Ridge; Spaces in the table labeled „N.A.‟ represent areas where data was unavailable because the chert type 

















































































































































































































































Table 5.9 Look-a-like ratio analysis (continued).  BBE = Buffalo River Bulls Eye; KC = Kaolin; Spaces in the table labeled 
„N.A.‟ represent areas where data was unavailable because the chert type did not have a specific peak or valley.  










P1:P2 N.A. N.A. N.A. 
1.0045 ± 
0.0112 



































































































Archaeological sourcing studies are used to determine the origin of stone 
tools and assist in interpreting trade patterns, migration routes, how groups of 
prehistoric peoples interacted with each other, etc. This paper has reviewed 
many methods both previously and currently used in sourcing studies. Several 
techniques do successfully source artifacts, but at the cost of damaging them. 
Those methods that do not require chipping or breaking of their samples have 
problems with subjectivity and replication of results. Reflectance infrared 
microspectroscopy is a nondestructive geochemical technique and was 
investigated here in terms of whether or not further study of this technique as a 
possible method for sourcing chert is justified.  
Ten types of chert that comprised five visually similar pairs were analyzed 
using RIRMS. The macroscopically comparable pairs served to show whether 
RIRMS could distinguish one chert type from another look-a-like chert type. To 
support RIRMS data, trace mineral data were collected using X-ray diffraction, 
petrographic analysis, transmission infrared spectroscopy, and energy dispersive 
X-ray analysis. Powder XRD analysis provided useful information concerning 
quartz phases present in addition to valuable trace mineral data. Petrographic 
analysis offered a microscopic view of each chert type that displayed unique 
textures and percent translucent minerals. EDS data reinforced mineralogical 
XRD and petrographic data. Trace minerals (especially clays) were identified in 
transmission infrared data with fewer spectral manipulations than reflectance 




subtraction followed by taking the second derivative of the spectral data does 
appear to allow trace minerals in the ten chert types examined in this study to be 
identified. More trace minerals were discovered in the reflectance infrared data 
than in the XRD data (from the powder or whole chip analysis). Finally, 
intrasample variation for these ten chert types was smaller than inter sample 
variation, thus making differentiation between chert types possible.   
Correlation of entire reflectance infrared spectra does not seem to be a 
significant way of differentiating between look-a-like chert types. By dividing 
reflectance infrared data into nine smaller sections and ignoring the portion of the 
spectrum from 17 to 25 microns, however, the Pearson product moment 
correlation coefficient does appear to be able to discriminate within visually 
similar chert pairs. Future data obtained by RIRMS needs to be scrutinized as it 
is collected, though, to ensure that data do not contain an unreasonable amount 
of avoidable spectral noise mentioned in the previous chapter.  
Comparison of the peak to peak and peak to valley ratios does not 
distinguish between look-a-like chert types as cleanly as the correlation analysis. 
This does not render the ratio analysis useless, though. Ratio analysis data still 
reveal many interesting spectral features of each chert type that are not readily 
noticeable by visually examining reflectance infrared spectra. Perhaps more 
clearly defined averages and standard deviations from additional data on the 
same chert types analyzed in this study will allow for differentiation between chert 




This project has created a reflectance infrared database with the data 
collected on the ten chert types, as well as several reference minerals. The 
database includes all statistical (correlation and ratio) information as well. 
Additional samples of the chert types examined in this study should be analyzed 
to determine the extent of intrasource variation that exists, and to find out if the 
statistical profiles established here are the same for all samples. Additional 
reference minerals and other chert types should also be analyzed and their data 
added to the database. Effects of heat treatment and weathering need to be 
determined in terms of how they affect the trace mineral composition of chert. 
Also, data from this study should be analyzed further for information about 
organic contaminants. Finally, more investigation of spectral subtraction should 
be done to determine whether a smaller area of the spectrum should be used to 
calculate the subtraction factor. 
XRD, petrographic, EDS, and transmission infrared data were helpful to 
have when identifying trace minerals in reflectance infrared data in this study. 
While these data may not always be available in the future, it may not be 
necessary now that a database of reference minerals exists. Also, with the 
development of proven methods for identifying trace minerals in reflectance 
infrared data and potentially successful statistical methods for discriminating 
chert types, future studies will be much easier. When adding new chert types to 
the database, it may be essential to collect XRD, petrographic, EDS, and 




purposes of sourcing, however, only reflectance data will need to be collected 
and subsequently spectrally manipulated and statistically analyzed.  
Trace contaminants within the chert analyzed in this study could be 
identified by subtracting quartz from the averaged chert spectra and taking the 
second derivative of the resulting spectra. Correlation using the Pearson product 
moment correlation coefficient and ratio analysis of several peaks and valleys 
common to all chert spectra produces a statistical profile unique to each chert 
type. All of these different methods (macroscopic sorting by color, observation of 
spectral features, taking the second derivative of the average chert reflectance 
spectrum after subtracting quartz, correlation analysis, and ratio analysis) 
together can discriminate the ten chert types investigated in this study. Perhaps 
similar analysis of other chert types and comparison with the new RIRMS chert 
and reference mineral database will allow other chert types to be differentiated as 
well. More samples of the chert types analyzed in this study should be examined 
to see if they match the descriptions and fall within the correlation and ratio 
ranges established here. Additional chert types and reference minerals should 
also be analyzed, profiled and added to the database.  
This study set out to determine whether or not reflectance infrared 
microspectroscopy could be applied to the sourcing of chert. Table 3.1 on page 
38 lists several methods in addition to RIRMS that have been applied to chert 
sourcing. Some of these other methods are either costly, time consuming, 
provide results that are difficult to reproduce, are destructive to the sample, or a 




nondestructive. True, other analytical methods were used in this study; however, 
the data obtained from these alternate techniques did not supersede the 
reflectance infrared data. Rather, data obtained by the other methods reinforced 
RIRMS findings. These findings were that RIRMS is sensitive enough to reveal 
differences between chert types such that macroscopically visual chert types can 
be distinguished from each other. Additional chert types may also need to be 
analyzed by alternate techniques with the goal that eventually, chert analyzed for 
sourcing studies will only need to be analyzed by RIRMS. Overall, this study 
demonstrated that simple statistical analyses of chert reflectance infrared data 
can discriminate between the ten chert types analyzed here. Reflectance infrared 
microspectroscopy therefore warrants deeper investigation into its application as 
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Table 5.4 Intrasample Ratio Analysis.  BFP = Black Ft. Payne; BM = Black Mountain; Spaces in the table labeled „N.A.‟ 
represent areas where data was unavailable because the chert type did not have a specific peak or valley.  Numbers are 
recorded with one standard deviation. 
Ratio 





























































































































































































































































Table 5.4 Intrasample Ratio Analysis (continued).  BBE = Buffalo River Bulls Eye; BU = Burlington; Spaces in the table 
labeled „N.A.‟ represent areas where data was unavailable because the chert type did not have a specific peak or valley.  
Numbers are recorded with one standard deviation. 
Ratio 














































































































































































































































Table 5.4 Intrasample Ratio Analysis (continued).  DO = Dover; KC = Kaolin; Spaces in the table labeled „N.A.‟ represent 
areas where data was unavailable because the chert type did not have a specific peak or valley.  Numbers are recorded 
with one standard deviation. 
Ratio 




















P1:P2 N.A. N.A.  
0.9760 ± 
0.0036 
N.A.  N.A. N.A.  N.A. N.A. 
P3:P1 N.A. N.A.  
1.6470 ± 
0.0214 














































































































































































































Table 5.4 Intrasample Ratio Analysis (continued).  MC = Mill Creek; NV = Arkansas Novaculite; Spaces in the table 
labeled „N.A.‟ represent areas where data was unavailable because the chert type did not have a specific peak or valley.  
Numbers are recorded with one standard deviation. 
Ratio 




















P1:P2 N.A. N.A.  
1.0306 ± 
0.0023 

























P3:P2 N.A. N.A.  
1.4442 ± 
0.0077 

























































































































































































Table 5.4 Intrasample Ratio Analysis (continued).  OFR = Ohio Flint Ridge; RHC = Red Horse Creek; Spaces in the table 
labeled „N.A.‟ represent areas where data was unavailable because the chert type did not have a specific peak or valley.  
Numbers are recorded with one standard deviation. 
Ratio 
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Figure 5.60 Second derivative of Black Ft. Payne sample average after the subtraction of quartz. Trace minerals include 
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Figure 5.61 Second derivative of Black Mountain sample average after the subtraction of quartz. Trace minerals include 
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Figure 5.62 Second derivative of Buffalo River Bulls Eye sample average after the subtraction of quartz. Trace minerals 
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Figure 5.63 Second derivative of Burlington sample average after the subtraction of quartz. Trace minerals include 











 5  10  15  20 
Derivative / Microns Paged   Z-Zoom CURSOR
File # 5 : D2DD04AVERAGE MINUS QUARTZ 2 DER    Res=None
  
Figure 5.64 Second derivative of Dover sample average after the subtraction of quartz. Trace minerals include 
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Figure 5.65 Second derivative of Kaolin sample average after the subtraction of quartz. Trace minerals include kaolinite 
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Figure 5.66 Second derivative of Mill Creek sample average after the subtraction of quartz. Trace minerals include 
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Figure 5.67 Second derivative of Novaculite sample average after the subtraction of quartz. Trace minerals include 
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Figure 5.68 Second derivative of Ohio Flint Ridge sample average after the subtraction of quartz. Trace minerals include 
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Figure 5.69 Second derivative of Red Horse Creek sample average after the subtraction of quartz. Trace minerals include 
illite (orange), dolomite (light blue), calcite (gray), goethite (olive green), and hematite (red). 
 
